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ABSTRACT 
Sleep and sedentary time are lifestyle behaviors that have a large impact on health and 
wellbeing. Individuals that sleep for short or long durations (<7 and >10 hours, respectively), 
have poor quality sleep, or have later sleep onset times are at increased risk for chronic 
conditions such as cancer, diabetes, metabolic dysfunction, mood disorders, and decreased 
awake-time functioning. Further, individuals who spend large amounts of time (> 30 minutes per 
bout) engaging in sedentary behaviors (i.e. TV watching, reading, working a desk job, etc.) are at 
increased risk for many of the same chronic conditions.  
Previous research demonstrates a positive relationship between physical activity and 
sleep. With increased knowledge regarding the health consequences of sedentary time, 
researchers are now investigating what the possible relationship is between sleep and this set of 
behaviors. Studies have found that various aspects of sleep (such as duration, onset time, and 
efficiency) may affect sedentary time independent of physical activity. Conversely, there is 
evidence that sleep quality may be effected by daily sedentary time. It has also been determined 
that varying sleep patterns (specifically between week days and weekend days, and daily and 
habitual sleep timing) may impact the association between sleep and sedentary time. The purpose 
of this study was to determine if there is a reciprocal relationship between sleep and sedentary 
time and to examine the consistency of these relationships among individuals and across varying 
sleep patterns.   
Daily sedentary time and nightly sleep duration were assessed in men (n = 19, 32.5 + 3.9 
years of age, 28.8 + 3.4 BMI) over three, 14-day conditions (control, low active, and high active) 
in the context of a larger mechanistic intervention. The control condition served as a baseline 
period in which the activity level of the participants was not altered from their current lifestyle, 
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and the high and low active conditions served to increase and decrease the participants’ activity 
level respectively. For all three conditions, the participants were given ActivPAL and SenseWear 
Armband monitors to objectively measure sedentary, active, and sleep behaviors. The monitors 
were worn as close to 24-hours per day as possible for each of the 14-day periods, and the data 
were analyzed using statistical analysis software to determine associations across the sample 
population as well as between individuals. 
Our results indicate that there is a statistically significant inverse relationship between 
sleep duration and the following day’s sedentary time. This finding indicates that the relationship 
between sleep and sedentary time may not be reciprocal, differentiating this association from that 
of sleep and physical activity. Upon investigating the impact of varying sleep patterns on this 
association, there was no significant effect found for either day of the week or sleep timing. 
However, it was found that sleep duration increased on the weekend compared to the weekday, 
and that individuals who habitually go to bed at later times (i.e. evening chronotypes) have 
increased sedentary time as compared to morning chronotypes.  
The average length of sleep had by these participants was 7.65 hours, well within the 
range of 7-8 hours that is currently recommended for sleep health. This project illustrated that 
increasing sleep duration to above the average of 7.65 hours correspondingly decreased the 
following day’s sedentary time. This finding, paired with results and conclusions from further 
research and study, could be instrumental in not only improving sleep recommendations and 
informing the public on the importance of proper sleep, but also in combatting the rising 
epidemic that is excessive sedentary time.  
In conclusion, more research is needed to more thoroughly investigate the direction of the 
relationship between sleep and sedentary time. Larger samples should be used in order to better 
vii 
 
 
 
determine the generalizability of sleep and its effect on sedentary time, and studies should 
continue to investigate both individual and group level effects of the relationship. Further 
research is also needed to determine the impact of varying sleep patterns on sedentary time, as 
well as to explore individual sedentary behaviors and their impact on sleep outcomes.  
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CHAPTER 1: GENERAL INTRODUCTION 
Individual behavior patterns influence individuals’ quality of life and risk for chronic 
disease. Two such behaviors include sleep and sedentary time (“CDC - Power of Prevention,” 
n.d., “CDC Press Releases,” 2016). According to the Centers for Disease Control and 
Prevention, 33% of US adults do not meet the recommended sleep guidelines of 7-8 hours each 
night, and the average time adults spend engaging in sedentary behaviors is roughly 9.2 hours 
per day (“CDC Features - Insufficient Sleep Is a Public Health Epidemic,” 2015; Centers for 
Disease Control and Prevention (CDC), 2012; Matthews et al., 2008). Each of these behaviors is 
an independent risk factor for a multitude of chronic diseases.  
While overall sleep health is poorly defined (Daniel J. Buysse, 2014), there are many 
facets of sleep that impact individual health such as sleep duration, efficiency, and timing. 
Together, these various sleep metrics operationally define “sleep quality,” a term used when 
investigating sleep and its effect on health outcomes. While investigating sleep quality as a 
whole, studies have found a positive association between poor sleep quality and increased risk 
for chronic diseases and mood disorders (Basnet et al., 2016; Benca, Obermeyer, Thisted, & 
Gillin, 1992; Tasali, Leproul, Ehrmann, & Van Cauter, 2008).  
When looking at the sleep metrics individually, it has been determined that both long and 
short sleep duration negatively impact human health and increase one’s risk for obesity and 
diabetes, cardiovascular and coronary heart disease, and mental health conditions (Banks & 
Dinges, 2007; Liu, Wheaton, Chapman, & Croft, 2013; Yu et al., 2007). Studies that have 
investigated the relationship between sleep timing and health have found that individuals who 
have later sleep onset times have a higher risk for increased adiposity and obesity, poor diet 
quality, decreased levels of physical activity, and increased depressive symptoms (Kelly G. 
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Baron, Reid, Kern, & Zee, 2011; Kelly G. Baron, Reid, & Zee, 2014; Urban, Magyarodi, & 
Rigo, 2011). Interestingly, it has also been found that variations in sleep patterns between week 
and weekend days has a negative effect on individual health biomarkers such as high-density 
lipoprotein cholesterol (HDL; i.e. “good”), plasma triglycerides, insulin resistance, and central 
adiposity (Wittmann, Dinich, Merrow, & Roenneberg, 2006; Wong, Hasler, Kamarck, Muldoon, 
& Manuck, 2015). 
Another lifestyle behavior that is crucial in determining quality of life is sedentary time. 
Sedentary time is not merely a lack of physical activity (Hamilton, Healy, Dunstan, Zderic, & 
Owen, 2008). It is defined as any waking behavior in a sitting or reclined posture in which the 
energy expenditure is less than 1.5 METs, (“SBRN Publishes Updated Definition of Sedentary 
Behaviour | The Sedentary Behaviour Research Network (SBRN),” 2012). Current literature has 
quoted that American adults spend an average of 55-77% of their waking hours engaging in 
sedentary behaviors (e.g. TV viewing, sitting at work or in cars, computer work, reading, etc.) 
per day (Diaz et al., 2016), with larger amounts of sedentary time occurring on weekend days 
(Evenson, Wen, Metzger, & Herring, 2015). 
Engaging in high amounts of sedentary behavior, whether it be simply sitting or leisurely 
screen-time usage, has been associated with increased risk of many of the same chronic 
conditions as poor sleep including cardiovascular disease, diabetes, cancer, gallstone disease, and 
mental health disorders (Brocklebank, Falconer, Page, Perry, & Cooper, 2015; Buman et al., 
2015; Thorp, Owen, Neuhaus, & Dunstan, 2011). However, while all sedentary behaviors have 
been found to have negative effects on health biomarkers, it has been shown that not all 
sedentary behaviors are created equal. Specifically, screen-time behaviors, such as TV viewing, 
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appear to have a more negative effect on health than sedentary time associated with non-screen-
time behaviors (Buman et al., 2015). 
While investigating the relationship between sleep and sedentary time, it is evident that 
the majority of current research in the field has focused primarily on children, adolescents, and 
older adults (Carson, Tremblay, Chaput, & Chastin, 2016; Rosique-Esteban et al., 2017; 
Saunders et al., 2016). Research examining the connection between sedentary behavior and sleep 
quality in young or middle-aged adults is lacking. However, there is evidence that sleep and 
sedentary time may influence one another in adult populations.  
Poor sleep quality has been shown to have a positive association with increased sedentary 
time, and increased sedentary time has been shown to decrease overall sleep quality (Kelly G. 
Baron et al., 2014; Buman, Hekler, Bliwise, & King, 2011; Madden, Ashe, Lockhart, & Chase, 
2014; Romney et al., 2016). For example, when investigating the effects of sedentary time on 
sleep, Madden and colleagues (2014) found that increased sedentary time was associated with 
decreased sleep efficiency. Conversely, Baron and colleagues (2014) found that later sleep times 
were associated with individuals self-reporting longer time spent sedentary the following day as 
well as increased sedentary minutes overall. While these two behaviors have been found to be 
related, current literature is inconclusive regarding the direction of the relationship. It may be 
that sedentary time influences sleep quality or that poor sleep quality influences sedentary time. 
The relationship may also be reciprocal in nature (Buman et al., 2015; Madden et al., 2014; 
Romney et al., 2016).  
The long-term goal of this line of research is to improve current recommendations for 
sleep and sedentary time, and to better inform and educate the population on how these two 
behaviors affect each other and impact overall health. The goal of this specific project was to 
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determine the direction of the relationship between sedentary time and sleep in men. The central 
hypothesis was that there is a reciprocal relationship between sleep and sedentary time with each 
behavior having a meaningful effect on the other (Kelly G. Baron et al., 2014; Vallance, Buman, 
Stevinson, & Lynch, 2015).  
The specific aims of this project are as follows. The first two focused on determining the 
direction of the relationship between sleep and sedentary time by investigating sleep duration 
and its prediction of the following day’s sedentary time (AIM 1), and daily sedentary time and its 
prediction of the duration of the subsequent sleep bout (AIM 2). The final two project aims 
focused on investigating the impact of varying sleep patterns on sedentary time by exploring the 
effects of week versus weekend days (AIM 3), and early sleep onset versus late sleep onset 
preferences (i.e. chronotype) on sedentary time (AIM 4). In conjunction with the aforementioned 
aims, we hypothesized that 1) having short sleep duration at night will increase the overall time 
spent engaging in sedentary behavior the following day, 2) engaging in high amounts of 
sedentary time daily will negatively affect sleep quality by decreasing overall sleep duration, 3) 
if the sleep pattern on the weekend days varies from that of the week days, there will be an 
increased association between sleep duration on the weekends and its prediction of sedentary 
time compared to that of week day sleep duration and sedentary time, and 4) if individuals have a 
propensity for earlier sleep onset times, they will have decreased amounts of sedentary time 
compared to individuals with a propensity for later sleep onset times.  
Through investigating the direction of the relationship between sleep and sedentary time 
both within and across participants, it is expected that we will gain a better understanding as to 
how these two behaviors affect one another.  
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CHAPTER 2: REVIEW OF CURRENT LITERATURE 
 To put the above-mentioned research questions in context, the literature review below 
will discuss the current research findings related to the following: the relationship between sleep 
and health, sedentary time and health, sleep and physical activity, and, finally, the relationship 
between sleep and sedentary time.    
 
2.1 Sleep and Health 
Sleep is an essential behavior (Banks & Dinges, 2007). Defined as a neuro-behavioral 
state in which the individual is relatively unresponsive to their surrounding environment, sleep 
serves important functions including restoring energy, consolidating memories and learning, and 
optimizing regulation of homeostatic mechanisms (e.g. thermoregulation, hormone balance, etc.) 
(Banks & Dinges, 2007, 2007; Daniel J. Buysse, 2014; Gerber, Brand, Holsboer-Trachsler, & 
Puehse, 2010; Millman, 2005).  
2.1.1 Stages of Sleep 
Characteristically, sleep is broken up into two main stages: slow wave and rapid eye 
movement sleep (Bjorness & Greene, 2009). Electroencephalography (EEG) is used to measure 
the electrical activity in the brain during sleep. When individuals are awake, their EEG reading is 
dominated by low amplitude, high frequency activity, indicating a high level of muscle and 
electrical activity (Bjorness & Greene, 2009). When in slow wave sleep, the EEG reflects high 
amplitude, low frequency waves (hence the term “slow-wave”) (Bjorness & Greene, 2009). 
Interestingly, when an individual is in rapid eye movement sleep, the EEG is similar to that of a 
wake-time EEG (low amplitude, high frequency waves), but the individual’s responsiveness and  
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engagement to their surrounding environment is minimal (Bjorness & Greene, 2009). While the 
EEG shows high amounts of brain activity, the body is unresponsive, somatically. 
2.1.2 Sleep Quality 
Another aspect of sleep that has been investigated is the concept of sleep quality. 
However, a universal definition for this construct is lacking. Sleep quality is an overarching 
umbrella term used throughout the literature to refer to more measurable components of sleep 
such as sleep duration, sleep onset latency, wake after sleep onset, and sleep efficiency, among 
others. Accounting for these varying operational definitions of “sleep quality,” research indicates 
a positive association between poor sleep quality and increased risk for chronic diseases such as 
obesity, diabetes, and cardiovascular disease in adults and adolescents (Basnet et al., 2016). 
Studies have found that poor sleep quality, as defined as interruption of slow wave sleep and 
wake-time after sleep onset, is associated with increased risk for psychiatric disorders such as 
bipolar disorder, attention hyper-deficit disorder, depression, and metabolic dysregulation, 
specifically a decrease in insulin sensitivity (Benca et al., 1992; Tasali et al., 2008).  
Sleep Duration 
Though it is evident that adequate sleep is necessary for proper day-time alertness and 
physiological functioning, many questions remain regarding how much sleep is needed to 
optimize health, as well as what happens when individuals get too little or too much sleep. While 
recommended duration of sleep has been found to be age dependent (e.g. infants needing up to 
16 hours of sleep per day), it has been concluded that most adults function the best when they 
receive between 7-8 hours of sleep each night (Millman, 2005; Banks & Dinges, 2007).  
Chronic restriction of sleep duration to less than 7 hours of sleep each night has been 
shown to have an adverse effect on physical, psychological, and physiological functioning in 
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adolescents and adults comparable to that found after acute total sleep deprivation (e.g. pulling 
an “all-nighter”) (Banks & Dinges, 2007; Gerber et al., 2010). Studies have shown that when 
individuals practice chronic sleep restriction, they suffer from loss of daytime functioning and 
alertness, are more prone to errors with a 4.5 times increased risk for sleep-related accidents, and 
experience physiological consequences (Banks & Dinges, 2007; Millman, 2005). When 
subjected to experimental sleep restriction, healthy adults were found to have experienced 
adverse health effects on their endocrine functioning, as well as metabolic and inflammatory 
responses. Results indicated that following the sleep restriction (total sleep duration <7 hours per 
night), participants had increased blood pressure, higher levels of inflammatory cytokines, and 
appetite hormone dysregulation (specifically ghrelin and leptin) (Banks & Dinges, 2007; Van 
Cauter et al., 2007).  
While sleep restriction has been shown to have negative effects on human health, 
increased sleep duration has also been shown to have adverse consequences. Results from studies 
investigating the effects of sleep duration on health outcomes found that both long and short 
duration sleepers (defined as > 10 hours and < 8 hours of sleep per night, respectively) had an 
increased level of adiposity compared to individuals who slept for 8-9 hours per night (Yu et al., 
2007). Both short and long duration sleep also had significant associations with obesity, frequent 
mental distress, coronary heart disease, stroke, and diabetes (Yu et al., 2007; Liu et al., 2013). 
Furthermore, one study found that when individuals who reported sleeping longer than 7 hours a 
day substituted one hour of sleep with an hour of either standing, walking, or moderate to 
vigorous physical activity (MVPA), they had a decreased risk of all-cause mortality (Stamatakis 
et al., 2015). This displacement relationship was concluded through the use of isotemporal 
substitution modelling which enabled the researchers to determine the effects of substituting 
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behaviors on all-cause mortality in adults (Stamatakis et al., 2015). Their results indicate that 
displacing an hour of sleep for long sleepers (defined as > 7 hours per night for this study) with 
an hour of MVPA decreases mortality risk. 
Sleep Timing 
One aspect of sleep quality that has received increased attention in the research 
community is that of sleep timing. Sleep timing, defined by sleep onset and midpoint of sleep, is 
a behavior that exhibits significant variation within the population and is determined by both 
biological and social factors. Biologically, the timing and duration of sleep is controlled by an 
interaction between both homeostatic mechanisms and circadian rhythms (Borbély, 1982; 
Bjorness & Greene, 2009).  
Homeostatic mechanisms provide a cumulative “time awake” balance, and an individual 
will experience an increased sleep drive when they have experienced an increase in overall wake 
time. If the individual’s time awake balance exceeds a certain biologically determined threshold, 
internal mechanisms respond accordingly to promote sleepiness within the individual through 
such things as increased release of neurotransmitters, such as melatonin and adenosine (Bjorness 
& Greene, 2009). 
A circadian rhythm is any physiological or behavioral process that follows a 24-hour 
rhythm as generated by the suprachiasmatic nucleus located in the anterior hypothalamus of the 
brain. The most common circadian rhythm is that of the sleep/wake cycle, which influences the 
time of day in which sleep expression is most likely to occur (Schibler & Sassone-Corsi, 2002; 
Bjorness & Greene, 2009). The circadian rhythm influences the sleep/wake cycle by 
synchronizing with environmental and social time cues called zeitgebers, the most important 
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being that of the light/dark cycle, eating, physical activity, and melatonin release (Millman, 
2005; Lack & Wright, 2007; Sharma, Tiwari, & Singaravel, 2016). 
Sleep timing is highly age dependent (sleep times are earlier in childhood, delay across 
adolescence, then advance again in older adulthood), and is largely determined by occupational 
and social obligations (Roenneberg et al., 2007). Results from over 55,000 surveys demonstrate 
that the most commonly reported preferred sleep timing is approximately midnight to 8:00AM 
(66% of adults), but a significant percentage (8.3%) report a preferred sleep onset time of 
3:00AM or later (Kelly Glazer Baron & Reid, 2014; Roenneberg et al., 2007). These specific 
sleep time preferences categorize people into chronotypes – early sleep onset (morning 
chronotypes) versus later sleep onset (evening chronotypes) – as discussed further below.  
While chronotypes exhibit preferences for sleep timing, oftentimes these preferences are 
driven by the internal circadian clock of the individual, and respond to endogenous sleep/wake 
cues (Wang & Hu, 2016; Wittmann et al., 2006). However, it has recently been determined that 
individuals' social and work schedules can further disrupt these inherent sleep preferences, 
putting the individual at an even higher risk of disease. 
Chronotypes 
A chronotype is a preference for timing of sleep and wake behaviors, and is thought to 
contribute to circadian misalignment in the population. Circadian misalignment (i.e. the 
misalignment of the sleep/wake cycle) has been shown to change appetite regulation, glucose 
regulation, and mood. The most common circadian misalignment studied is the misalignment of 
the sleep/wake cycle with that of the biological night (the time in which the circadian clock 
promotes sleep) (Kelly Glazer Baron & Reid, 2014; Erren, Groß, & Fritschi, 2016). It has been 
found that people that are awake more at night than during the daytime (i.e. evening 
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chronotypes) have an increased likelihood of eating larger meals throughout the day, consuming 
more evening calories and having a higher propensity for binge-eating behaviors, as well as 
having an overall poorer diet quality. They also show higher and more frequent alcohol intake, 
lower levels of physical activity, and have an increased risk for psychiatric disorders such as 
depression, bipolar disorder, and ADHD  (Fleig & Randler, 2009; Sato-Mito, Shibata, Sasaki, & 
Sato, 2011; Harb et al., 2012; Kabrita, Hajjar-Muca, & Duffy, 2014; Urban et al., 2011; Kelly 
Glazer Baron & Reid, 2014). Along with being more likely to suffer from mental health 
conditions, evening chronotypes also exhibit a lower feeling of overall well-being and have a 
poorer perception of their health when compared to morning chronotypes (Haraszti et al., 2014). 
Social Jet Lag and Shift Work 
“Social jet lag” is a term used to describe the variances in sleep behaviors of individuals 
between their work and free days. For example, university students may exhibit a morning-
chronotype pattern during the week days and then exhibit a drastically evening-chronotype 
pattern on weekend days due to their preferred social schedules. This variation in sleep patterns 
between an individual’s internal biological timing and social timing is referred to as “social jet 
lag” (Wang & Hu, 2016; Wittmann et al., 2006). It has been found that social jet lag is associated 
with increased substance consumption (e.g. caffeine, nicotine, and alcohol), lower levels of high-
density lipoprotein (HDL; i.e. “good”) cholesterol, higher triglyceride levels, increased insulin 
resistance and plasma insulin levels, increased adiposity, and a higher BMI (Roenneberg, 
Allebrandt, Merrow, & Vetter, 2012; Wittmann et al., 2006; Wong et al., 2015).  
Similarly, occupational factors such as shift and night work may impact sleep quality and 
duration. The CDC analyzed data from the 2009 U.S. Behavioral Risk Factor Surveillance 
System and found that adults who worked overtime (more than 40 hours per week) were 65% 
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more likely to report sleeping less than 7 hours per day compared to individuals who worked 40 
hours per week or less (Centers for Disease Control and Prevention (CDC), 2012). The 2010 
U.S. National Health Interview Survey also showed that 44% of night shift workers report 
sleeping less than 6 hours per day compared to only 30% of day shift workers, indicating that 
night shift work may be associated with short sleep duration (Centers for Disease Control and 
Prevention (CDC), 2012). The Australian Longitudinal Study on Women’s Health (ALSWH) 
found that there was a large variation in sleep duration and sleep times associated with 
occupational factors. They found that sleep duration was shorter on work days when compared to 
non-work days and that average sleep timing was later on non-work days compared to work 
days, particularly among women who worked nights (Clark, Kolbe-Alexander, Duncan, & 
Brown, 2017). In conjunction with this, Clark et al. (2017) found that women self-reported 
sitting less and sleeping longer on non-work days than work days. This implies that the 
participants of the ALSWH displaced sitting time for sleep on their non-work days, perhaps in an 
attempt to catch-up on sleep they were unable to get during the work week (Clark et al., 2017). 
The premises behind social jet lag and shift/night work are similar. Both phenomena 
imply that individuals sleep longer and try to catch-up on sleep when they do not have work 
obligations or restrictions imposed upon them. However, it has been found that these variations 
in sleeping patterns, and attempts to catch-up on sleep on non-work and weekend days, present 
further challenges to maintaining a healthy sleep schedule. These variations in sleep habits 
further disrupt an individual’s circadian rhythm, and have been found to increase sleepiness the 
subsequent week (Taylor, Wright, & Lack, 2008).  
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  In summary, sleep health is defined by such aspects of sleep as sleep duration and sleep 
timing. Research has found that both long and short sleep duration negatively impact health by 
increasing the risk for obesity, diabetes, cardiovascular disease, and stroke. When investigating 
sleep timing, current literature has determined that sleep timing preferences are age-dependent, 
vary among individuals, and are strongly influenced by both biological and behavioral factors.  
The circadian rhythm is the largest biological determinant of sleep timing as it releases 
sleep-inducing hormones to regulate the time awake balance. However, this circadian rhythm 
varies between individuals and therefore leads to varying sleep onset preferences. This variation 
in sleep timing allows researchers to categorize individuals as either morning or evening 
chronotypes. Evening chronotypes have been found to be at an increased risk for mental health 
disorders, as well as decreased levels of physical activity and poorer perceptions of general 
health.  
When examining behavioral factors that impact sleep timing, the largest factors are 
work/school schedules and social obligations. These have led to the phenomenon of social jet 
lag, the notion that sleep timing varies between work and non-work days. Research has found 
that individuals report longer sleep duration on non-work versus work days, as well as later sleep 
onset times. These variations in sleep patterns have been found to further disrupt an individual’s 
biological circadian rhythm and increase overall feelings of sleepiness.    
 
2.2 Sedentary Time and Health 
Sedentary behavior is defined as any waking activity that has an energy expenditure of 
less than 1.5 METs and occurs in either a sitting or reclined position (“SBRN Publishes Updated 
Definition of Sedentary Behaviour | The Sedentary Behaviour Research Network (SBRN),” 
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2012). Recent estimates demonstrate that American adults spend an average of 55-77% of their 
daily waking hours engaging in sedentary behavior, translating to approximately 7-11 hours per 
day, with higher amounts of sedentary time occurring on weekend days (Diaz et al., 2016; 
Evenson et al., 2015; Harvey, Chastin, & Skelton, 2013; Pinto Pereira, Ki, & Power, 2012). The 
National Health and Nutrition Examination Survey reported that adolescents spend roughly 6-8 
hours a day sedentary, and that older adults spend closer to 65-80% of their waking hours 
engaging in sedentary behaviors (Harvey, Chastin, & Skelton, 2015; Pate, Mitchell, Byun, & 
Dowda, 2011). These data illustrate that sedentary time increases with age.   
Current research indicates a relationship between sedentary behaviors and an increased 
risk for chronic disease, including cardiovascular conditions, cancer, and all-cause mortalities 
after adjusting for MVPA in both men and women (Matthews et al., 2012; Thorp et al., 2011). 
Research has also shown that sedentary behavior, especially TV viewing, is associated with 
lower levels of physical activity and fitness, decreases in quality of life, and an increase in 
depressive symptoms (Chinapaw, Proper, Brug, van Mechelen, & Singh, 2011; Fountaine, 
Liguori, Mozumdar, & Schuna, 2011; Matthews et al., 2008; Rhodes, Mark, & Temmel, 2012). 
Overall, current research has concluded that there is a relationship between sedentary behavior 
and chronic disease, including individuals who meet the physical activity guidelines (Owen, 
Healy, Matthews, & Dunstan, 2010), and therefore limiting sedentary time (e.g. reducing sitting 
time) is key to improving overall health (Buman et al., 2015; Hu et al., 2001; Proper, Singh, van 
Mechelen, & Chinapaw, 2011; Thorp et al., 2011).  
Beyond total hours of sedentary time, studies have shown that time spent sitting (whether 
it be for relaxation, work, driving, etc.) in prolonged bouts (e.g. > 30 minutes) may be more 
detrimental to chronic disease risk including an increase in cardiometabolic risk factors, 
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cardiovascular disease, and higher premature morality rates (Brocklebank et al., 2015; Buman et 
al., 2015; Owen et al., 2010). For example, Pinto Pereira and colleagues (2012) found that when 
individuals sat at work for three or more hours they had a 33% increased risk for metabolic 
syndrome than individuals who broke up their sitting time. Further, a cohort study conducted in 
Spain (n = 4271; >18 year of age) demonstrated that lifestyle patterns that include prolonged 
bouts of sedentary time are associated with decreased health related quality of life in adults 
(Guallar-Castillon et al., 2014).  
 Current research also indicates that displacing sedentary time with other activities (e.g. 
walking, standing, sleeping, MVPA, etc.) improves general health. For example, Stamatakis and 
colleagues (2015) determined that directly replacing sitting time with either standing, walking, or 
MVPA, lead to an associated decrease in mortality risk, and a review of the current literature 
found that increased amounts of sedentary time did lead to increased mortality risk but that the 
increase in risk could be attenuated by high levels of physical activity (Ekelund et al., 2016). 
However, Ekelund and colleagues (2016) found that this attenuation was only significant when 
the sedentary time was centered on work-sitting behaviors, not screen-time behaviors such as TV 
viewing. They determined that physical activity was unable to attenuate mortality risk in 
individuals with high amounts of screen-time behaviors (Ekelund et al., 2016). While displacing 
sedentary time is beneficial to general health, it is clear that not all sedentary behaviors are 
created equal.  
2.2.1 Screen-time Sedentary Behavior 
To date, the most well-researched component of sedentary behavior is screen time. 
Screen-based entertainment (i.e. leisure-time television-viewing and computer use) has been 
found to be associated with an increased risk of cardiovascular disease, obesity, dyslipidemia, 
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metabolic syndrome, type 2 diabetes, high blood pressure, and mortality, independent of physical 
activity (Ekelund et al., 2016; Pinto Pereira et al., 2012). TV viewing (the predominant screen-
time sedentary behavior) has consistently been found to be more associated with an increased 
risk for disease and negative health outcomes than total sitting time (Buman et al., 2015). 
Further, compared to individuals who watched less than one hour of television a day, those 
watching three or more hours had an increased risk for obesity, type 2 diabetes, cardiovascular 
disease, and all-cause mortality, and their risk for suffering from metabolic syndrome increased 
by 82% (Grøntved & Hu, 2011; Pinto Pereira et al., 2012; Vioque, Torres, & Quiles, 2000). With 
respect to wellbeing, the cohort study conducted by Guallar-Castillon and colleagues (2014) 
found, specifically, that individuals who engaged in large amounts of daily screen-time (129.2 + 
88.0 minutes per day) were associated with self-reported decreases in health-related quality of 
life. Chastin and colleagues (2014) also found that screen-time sedentary behaviors are 
negatively associated with femoral and spinal bone mineral content, though non screen-based 
and total sitting time were not significantly associated (Chastin, Mandrichenko, & Skelton, 
2014). In conjunction with this, a study conducted by Gennuso and colleagues (2016) found that 
the mode of sedentary behavior (i.e. screen-time behaviors versus sitting) was more indicative of 
decreased physical function and health markers in older adults compared to overall sedentary 
time (Gennuso, Thraen-Borowski, Gangnon, & Colbert, 2016). 
 
 In summary, sedentary behaviors have been found to be detrimental to general health by 
increasing one’s risk for chronic diseases such as cardiovascular and heart disease, diabetes, 
metabolic syndrome, cancer, and mental health disorders. Displacing sedentary time with such 
things as MVPA, walking, and even standing have been shown to decrease mortality risk, though 
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spending excessive amounts of time partaking in screen-time sedentary behaviors may not be 
attenuated by physical activity. Research has found that not all sedentary behaviors are created  
equal as screen-based sedentary activities have been shown to have a more negative effect on 
health outcomes than non-screen time behaviors.  
 
2.3 Sleep and Physical Activity 
 As there is only a small body of work examining sedentary behavior and sleep, I will first 
provide some background on a related area of research looking at the relationship between sleep 
and physical activity.  
The literature investigating the relationship between sleep and physical activity has been 
somewhat inconclusive (Buman et al., 2015; Dolezal, Neufeld, Boland, Martin, & Cooper, 
2017). Many researchers agree that regular physical activity has been shown to improve sleep 
quality, but this is not universally the case. For example, Mitchell and colleagues (2016) found 
that physical activity and total sleep time were not associated and concluded that physical 
activity does not lead to improved nightly sleep. It is possible that Mitchell et al. achieved 
differing results from most researches due to having participants wear the monitors for a duration 
of seven days, where other studies have found a positive association between the two behaviors 
when participants wore the monitors longer (e.g. 21 days) (Kishida & Elavsky, 2016; Mitchell et 
al., 2016). Despite the inconclusiveness of the current literature, a large amount of 
epidemiological studies have found that individuals who are more physically active have a lower 
number of sleep disorders and have better ratings of sleep quality, and there appears to be a 
general understanding and belief that physical activity is advantageous for improved sleep 
quality and sleep health (Driver & Taylor, 2000; Youngstedt, 2005; Urponen, Vuori, Hasan, & 
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Partinen, 1988; de Castro Toledo Guimaraes, 2008; Gerber et al., 2010; Lang et al., 2016; 
Naylor, Penev, & Orbeta, 2000; Dishman et al., 2015; Buman et al., 2011).  
2.3.1 Reciprocal Nature of Physical Activity and Sleep  
Previous studies have hypothesized that physical activity and sleep may have a reciprocal 
relationship as it has also been found that poor sleep is associated with lower levels of physical 
activity on subsequent days, lower physical activity self-efficacy, and an increase in perceived 
barriers to exercise (Haario, Rahkonen, Laaksonen, Lahelma, & Lallukka, 2013; Kelly Glazer 
Baron & Reid, 2014; Dolezal et al., 2017; Pettee Gabriel et al., 2017). However, the majority of 
studies conducted to investigate the relationship between physical activity and sleep are cross-
sectional in design and are thus unable to demonstrate a causal direction (Kestenbaum, 2009).  
One study that measured the relationship between physical activity and sleep found that 
greater sleep efficiency and reduced sleep fragmentation (e.g. wake time after sleep onset) were 
positively associated with greater levels of physical activity the following day, but that increased 
daily activity and MVPA actually decreased overall sleep duration the subsequent night 
(Lambiase, Gabriel, Kuller, & Matthews, 2013). A secondary analysis from a clinical trial 
conducted by Dzierzewski and colleagues (2014) examined the chronic and acute effects 
between exercise and self-reported sleep markers through use of a sleep journal. Over the course 
of the study it was found that increased exercise activity had a positive effect on wake time after 
sleep onset and overall sleep quality, and that nightly sleep quality predicted individual exercise 
behavior the following day (Dzierzewski et al., 2014). They concluded that the relationship 
between sleep and exercise in older adults has evidence of being a dynamic, reciprocal 
relationship (Dzierzewski et al., 2014).  
 
18 
 
 
 
 In summary, current researchers tend to agree that physical activity and sleep are related, 
though the direction of the association remains inconclusive. Some researchers hypothesize that 
the relationship is dynamic and reciprocal, though further research is needed to definitively come 
to this conclusion.  
 
2.4 Sleep and Sedentary Time 
Less is known about the potential link between sleep and sedentary time. As noted above, 
sleep is distinct from sedentary behavior as sedentary behaviors include only waking activities. 
Researchers that have investigated the relationship between sleep and sedentary time have found 
that increased sedentary time is associated with decreased sleep efficiency in older adults, 
independent of physical activity (Madden et al., 2014), and that decreased sleep duration has led 
to increased sedentary time on subsequent days (Romney et al., 2016). With the research 
providing evidence that sedentary time impacts sleep and that sleep impacts sedentary time, 
some theorize that the two behaviors have a reciprocal relationship similar to that of physical 
activity and sleep (Buman et al., 2015; Dzierzewski et al., 2014).  
A few studies investigating the relationship between sleep and activity in an adult 
population have found that decreased sleep duration (e.g. < 7 hours per night) is correlated with 
an increase in self-reported minutes sitting overall and on week days, as well as an increase in 
total sedentary time (Kelly G. Baron et al., 2014; Must & Parisi, 2009). The 2013 Sleep in 
America poll results collected by the National Sleep Foundation found that excessive time spent 
sitting is associated with reduced sleep quality in adults, and in the Stamatakis (2015) 
isotemporal substitution study described above, it was found that replacing sitting time and 
screen time with sleep was associated with reduced mortality risk in individuals who were 
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getting < 7 hours of sleep per day. Buman et al., (2015) found that for every additional hour 
spent sitting per day the odds of poor sleep quality increased, and for every additional hour spent 
watching television the greater the risk of poor sleep quality, circadian misalignment, increased 
sleep onset latency (defined as > 30 minutes awake while lying in bed), and sleep disorders such 
as obstructive sleep apnea (Buman et al., 2015). These findings imply that not all sedentary 
behaviors are equal in their effects on sleep.   
2.4.1 Screen Time and Sleep  
A cross-sectional study of 1674 adults from the 2005-2006 US National Health and 
Nutrition Examination Survey assessed the effects of sedentary time on sleep. It was found that 
accelerometer-assessed sedentary time was not associated with sleep outcomes, but participants 
who had the most screen time (> 6 hours per day) were more likely to report increased sleep 
onset time and sleep fragmentation compared to individuals who had the least amount of screen 
time (< 2 hours per day) (Vallance et al., 2015). There is also a positive association between 
excessive screen-time sedentary behaviors and a decrease in sleep duration in adolescents, and it 
has been found that when individuals sleep in the presence of a screen their nightly sleep 
duration is decreased by an average of 19 minutes (Hysing et al., 2015; Falbe et al., 2015).  
 
In summary, sleep and sedentary time have been found to be associated, though the 
direction of the association remains unclear. Current research has found that sleep is not 
impacted by all sedentary behaviors equally, with screen-time behaviors having a more defined 
effect on sleep quality than non-screen time behaviors.  
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2.5 Measurement Tools 
 When examining human behavior patterns, it is recommended that both self-report and 
objective data is collected to evaluate the person as a whole; self-report data provides insight as 
to the type and context of behaviors, whereas objective data provides numerical estimates of 
movement that can be used to assess activity intensity and duration (Healy et al., 2011; Van de 
Water, Holmes, & Hurley, 2011). Further, it is crucial that the measurement tools selected for a 
research study provide data that directly align with the purpose of the study (Terri E Weaver, 
2001). It is also imperative that one takes into account the validity and reliability of the 
measurement tools being used during a study, as they can directly impact the quality of the data 
collected (Adcock, 2001). As a portion of this literature review, below are descriptions of some 
of the most widely used report-based and objective measurement tools for both sleep and 
sedentary time research.  
2.5.1 Measuring Sleep 
There has been a marked increase in sleep complaints and sleep disorders presented in the 
United States, and the CDC has claimed that insufficient sleep is of public health concern (“CDC 
Features - Insufficient Sleep Is a Public Health Epidemic,” 2015; Grandner, Jackson, 
Gooneratne, & Patel, 2014). In response, there has been a rise in the development of methods 
and instruments, both report-based and objective, that can be used to measure various aspects of 
an individual’s sleep (Waltz, Strickland, & Lenz, 2010; Zisapel, Tarrasch, & Laudon, 2013).  
Polysomnography (PSG) 
As an objective examination of sleep quality, overnight PSG is the current gold standard. 
PSG monitors an individual’s sleep stages and cycles by investigating brain waves and activity 
via EEG, oxygen levels in the blood, heart rate and breathing patterns, as well as eye and leg 
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muscle activity (electro-oculography and electromyography, respectively) (Mayo Clinic, 2014a; 
Ohayon, Carskadon, Guilleminault, & Vitiello, 2004). Although it provides highly detailed and 
relevant information, it is not ideal for long-term use or as self-guided measurement tool as it is 
extremely expensive and most often requires a team of individuals to conduct the exam (Marino 
et al., 2013; Van de Water et al., 2011). As such, it is more commonly used for individuals with 
clinical sleep disorders or sleep complaints, and is typically only recommended by physicians to 
better diagnose these disorders (Mayo Clinic, 2014a, 2014b). When used for research, the all-
night PSG sleep studies are conducted in clinic and laboratory settings and assess the quantitative 
aspects of a patient's sleep by providing reliable measurements of sleep onset latency, total sleep 
time, sleep efficiency, wake after sleep onset, and sleep fragmentation (Ohayon et al., 2004; Orff 
et al., 2012).  
Accelerometers 
While polysomnography is the gold standard of sleep testing technology, it is extremely 
labor-, time-, and cost-intensive. In response to this, accelerometers and actigraphy are 
increasingly being used in many research and clinical populations, and have been 
commercialized for widespread consumer use. These devices provide an objective measure of 
movement during sleep and are comparatively inexpensive, convenient, and non-intrusive 
(Matsumoto et al., 1998; Pollak, Tryon, Nagaraja, & Dzwonczyk, 2001; Van de Water et al., 
2011). The accelerometers described below have all been validated against PSG and are widely 
used throughout clinical and research populations.  
SenseWear armband (SWA) 
The SWA (specifically the SWA mini) (BodyMedia Inc., Pittsburgh, PA) measures 
various sleep metrics (such as sleep duration, sleep efficiency, sleep onset latency, and wake 
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time after sleep onset), and is worn on the back of the left arm (Johannsen et al., 2010; Roane, 
Van Reen, Hart, Wing, & Carskadon, 2015; Sharif & BaHammam, 2013). Due to its relative 
accuracy and ease of use, it is the objective monitor used in this study to assess sleep. The SWA 
mini contains a triaxial accelerometer which measures sleep metrics, such as total sleep time and 
circadian rhythm (BaHammam, Alrajeh, Albabtain, Bahammam, & Sharif, 2010). The sensor is a 
micro-electro-mechanical sensor that is able to detect skin temperature, galvanic skin response, 
heat flux from the body, and gross and minor movement of the wearer (BaHammam et al., 2010; 
Johannsen et al., 2010; Roane et al., 2015; Sharif & BaHammam, 2013). When the recordings 
are analyzed using proprietary algorithms, sleep periods can be identified and isolated from 
waking time, as well as total energy expenditure and metabolic physical activity (Sharif & 
BaHammam, 2013). When compared to PSG, the SWA mini was found to be reliable and valid 
in measuring total sleep time, total wake time, and sleep efficiency (95% confidence interval = 
0.90-0.95; correlation coefficient = 0.93) (Sharif & BaHammam, 2013). 
Actiwatch  
The Actiwatch (Mini-Mitter, Inc., Bend, OR) is a wrist-worn actigraphy measuring 
device that has also been validated against PSG (total sleep time correlation coefficient = 0.94) 
(Jean-Louis et al., 1997). Like the SWA, the Actiwatch uses highly sensitive accelerometer 
sensors to record and measure motor activity. When the recordings are analyzed through the 
instrument software, sleep periods can be identified and isolated (Lauderdale et al., 2006). The 
Actiwatch is able to provide data relating to four sleep parameters: total time in bed, sleep 
latency, total duration of sleep, and overall sleep efficiency (Lauderdale et al., 2006). It has been 
used effectively in clinical populations, as well as with healthy volunteer subjects in research 
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settings (Laakso, Leinonen, Lindblom, Joutsiniemi, & Kaski, 2004; Paquet, Kawinska, & 
Carrier, 2007; Van de Water et al., 2011). 
Actillume  
The Actillume monitor (Ambulatory Monitoring, Ardsley, NY) is a wrist actigraphy 
device that is able to measure sleep and wake cycles through monitoring body activity and 
ambient light via a two-channel accelerometer instrument with a built-in photometer (Matsumoto 
et al., 1998). It has been shown to be an effective and accurate monitoring device in both clinical 
and free-living populations, and has been found to be valid when compared to PSG (85-91% 
minute-by-minute agreement of sleep time; correlation coefficient = 0.92) (Ancoli-Israel, 
Clopton, Klauber, Fell, & Mason, 1997; Jean-Louis, Kripke, Cole, Assmus, & Langer, 2001; 
Jean-Louis, Kripke, Mason, Elliott, & Youngstedt, 2001; Van de Water et al., 2011).  
Questionnaires 
Questionnaires and surveys are the most widely used tools to evaluate sleep quality. 
Specific sleep diary and questionnaire instruments have been designed to assess an individual’s 
sleep quality in terms of their own self-perception including emotional symptoms and 
functioning, and capability of performing activities of daily living (Zisapel et al., 2013). The 
most popular sleep scales and questionnaires are described below.   
Pittsburgh Sleep Quality Index (PSQI) 
The PSQI is a 19-item survey that measures seven components of sleep: subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep 
medication, and daytime dysfunction (D. J. Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). 
It was originally designed to be used in clinical populations to assess sleep quality and sleep 
disturbances that may affect general health. It is a retrospective assessment tool that determines 
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patterns of sleep dysfunction over a designated period of time, such as a week or month. It is one 
of the most widely used sleep questionnaires in research and clinical populations, and has been 
shown to have a test-retest reliability of 0.87, with sensitivity and specificity scores of 98.7 and 
84.4, respectively, when compared to polysomnography (Backhaus, Junghanns, Broocks, 
Riemann, & Hohagen, 2002; D. J. Buysse et al., 1989; Carpenter & Andrykowski, 1998). Due to 
its validity and reliability as well as its widespread use, this questionnaire was used in the present 
study. 
 Sleep Quality Scale (SQS) 
 The SQS is a traditional Likert-style scale that was developed using item and factor 
analysis focusing on items with content validity. The SQS consists of 28 questions that evaluate 
six domains of sleep quality: daytime symptoms, restoration after sleep, difficulty waking, sleep 
satisfaction, and problems initiating and maintaining sleep. This research tool can be used for a 
variety of research and clinical populations (Shahid, Wilkinson, Marcu, & Shapiro, 2011). It is 
significantly correlated and concurrently valid with PSG (correlation coefficient = 0.9, and p-
value <0.001) (Yi et al., 2009; Yi, Shin, & Shin, 2006).  
Epworth Sleepiness Scale (ESS) 
 The ESS provides a measurement of an individual’s general level of daytime sleepiness. 
Total ESS scores have distinguished normal patients from those with various sleep disturbances 
(such as obstructive sleep apnea or narcolepsy), and has been shown to be significantly 
correlated with overnight PSG (correlation coefficient = 0.82) (Johns, 1991, 1992). 
Functional Outcomes of Sleep Questionnaire (FOSQ) 
 The FOSQ is a disease-specific quality of life questionnaire that assesses the impact of 
various disorders (e.g. obstructive sleep apnea, insomnia, daytime sleepiness disorders, etc.) and 
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excessive sleepiness on activities of daily living (“American Thoracic Society - Functional 
Outcomes of Sleep Questionnaire (FOSQ),” 2014). The FOSQ is the first sleep questionnaire 
developed to evaluate the impact of disorders of excessive sleepiness (DOES) on everyday living 
activities and quality of life (T. E. Weaver et al., 1997). It is a 4-point Likert scale that measures 
five factors of life that can be impacted by DOES (activity level, vigilance, intimacy and sexual 
relationship, general productivity, and social outcome), and it is shown to be an effective and 
reliable tool for use in both research and clinical practice (test-retest reliability = 0.95, internal 
consistency = 0.90) (“American Thoracic Society - Functional Outcomes of Sleep Questionnaire 
(FOSQ),” 2014; T. E. Weaver et al., 1997). 
Visual Analogue Scale (VAS) 
VAS have also been used in sleep research. In general, a VAS is a vertical or horizontal 
line that is typically 100 millimeters in length with words or phrases at each end to anchor two 
extremes of the variable of interest. For example, if nightly sleep quality was being measured 
one anchor may read “worst sleep ever” and the opposing anchor may read “best sleep 
imaginable.” The participant places a mark on the line corresponding to their perception of 
where they fall on that spectrum. The VAS is scored by measuring the millimeters from the low 
end of the scale to the participant’s mark (Gift, 1989). VAS surveys have been used to measure 
changes in individuals’ sleep quality in both clinical trials and practice (Wewers & Lowe, 1990; 
Zisapel et al., 2013). Two specific VAS surveys that have been used in sleep research are the 
Visual Analogue Scale to Evaluate Fatigue Severity (VAS-F) and the Leeds Sleep Evaluation 
Questionnaire (LSEQ).  
The VAS-F contains 18 items that relate to the subjective experience of fatigue. For each 
item, participants mark the VAS according to how they feel at that moment with the anchors of 
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the scale being “not at all tired” and “extremely tired” (Shahid et al., 2011). While VAS surveys 
are useful because they allow participants to scale their own response instead of having set 
responses provided to them (such as a traditional Likert-type scales like the SQS or ESS), 
research has demonstrated that participants are hesitant to mark too close to either extreme of the 
scale and thus constrain their responses to a more limited range (Shahid et al., 2011). 
 The LSEQ is a standardized, retrospective questionnaire that is comprised of 10 
individual VAS surveys that participants are asked to fill out multiple times over specified time 
periods (e.g. once a week for a period of 4 weeks). The 10 items assess the following four 
independent domains of sleep and daytime behavior: getting to sleep, quality of sleep, awakening 
from sleep, and behavior following wakening (Parrott & Hindmarch, 1980; Zisapel et al., 2013). 
The LSEQ is widely used to measure sleep difficulties in research and clinical settings (Parrott & 
Hindmarch, 1978). 
2.5.2 Measuring Sedentary Time 
Similar to sleep research, when measuring sedentary time, it is advised that both self-
report and objective measures be used so that both total sedentary time as well as behavior-
specific information (e.g. time spent watching TV or playing video games) can be collected 
(Healy et al., 2011). Self-report measurements help to provide behavior-specific information 
regarding sedentary time and have helped professionals determine avenues for public health 
interventions and initiatives, as they are more practical to implement for large, population-based 
studies (Copeland et al., 2017; Healy et al., 2011; NHANES, 2005; Owen et al., 2010). Objective 
device-report measurements include such things as accelerometers, inclinometers, and 
actimeters. They are most useful for collecting information detailing movement patterns and  
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daily activity, but are unable to differentiate between types of sedentary behaviors (Copeland et 
al., 2017; Healy et al., 2011).  
Device-Reported Measures 
Accelerometers often measure sedentary behavior as a level of activity under a certain 
threshold, such as under 100 counts per minute or as any activity under 1.5 METs (Byrom, 
Stratton, Mc Carthy, & Muehlhausen, 2016). While many commercial accelerometers have been 
developed and made popular for daily use (i.e. Garmin, FitBit, etc.), research and clinical settings 
use devices that are more advanced, capable, and accurate for measuring body orientation and 
minor and gross movement patterns (Gardiner et al., 2011; Troiano, McClain, Brychta, & Chen, 
2014). The two most commonly used accelerometer devices are described below.  
ActivPAL (AP)  
The AP accelerometer is worn on the thigh and measures the amount of time the 
participant spends sitting or lying down, standing, and stepping (Aminian & Hinckson, 2012). 
The AP can recognize the difference between vertical and horizontal orientations through its 
uniaxial piezoresistive accelerometer design, enabling it to differentiate between standing and 
reclining positions (Yang & Hsu, 2010). This sets it apart from other accelerometers, and 
therefore, it is considered the gold standard for assessing sedentary time by many researchers in 
the field today (Aminian & Hinckson, 2012; Byrom et al., 2016; Montoye, Pivarnik, Mudd, 
Biswas, & Pfeiffer, 2017). As such, it is the device used in the present study for objectively 
assessing sedentary time. When compared with direct observation, the AP was shown to be 
accurate and valid in measuring time in light, moderate, and vigorous activity levels, prolonged 
sitting bouts, and prolonged sitting minutes (correlation coefficient = 0.962) (Lyden, Keadle, 
Staudenmayer, & Freedson, 2017).  
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ActiGraph  
The ActiGraph accelerometer (ActiGraph LLC, Fort Walton Beach and Pensacola, FL) is 
a hip-worn accelerometer that, similar to the SWA mini described above, contains a micro-
electro-mechanical accelerometer sensor to accurately measure changes and accelerations in 
body movement (John & Freedson, 2012; Kantomaa et al., 2016). While it was found that the 
ActiGraph accelerometer can both under- and overestimate sedentary time in varying situations 
(e.g. obese versus lean individuals), it has a strong within instrument reliability (correlation 
coefficient = 0.99) (Healy et al., 2011; “Reliability and Validity of Accelerometer Devices when 
used to Detect Differences in Activity Intensity and Estimate Energy Expenditure in Lean and 
Overweight Adults | ActiGraph,” n.d.). The ActiGraph is the most commonly used accelerometer 
device to measure sedentary time, but it has been found to be unreliable in accurately measuring 
activity compared to VO2 consumption (p-value = 0.20) (O’Neil, Fragala-Pinkham, Forman, & 
Trost, 2014), and less effective in measuring sedentary time as compared to the AP (AUC = 0.85 
when using AP as the reference standard) (Koster et al., 2016). It is for these reasons that the AP 
accelerometer is considered to be more of a gold-standard for measuring sedentary time (Pfister 
et al., 2017).  
Self-Report Measures 
There are many questionnaires that include a measure of sedentary time. Some of the 
most popular questionnaires that are used are: the Bouchard Physical Activity Questionnaire, 
Marshall Sitting Questionnaire, Sedentary Behavior Questionnaire, Past-Day Adults’ Sedentary 
Time Questionniare, and the Occupational Sitting and Physical Activity Questionnaire 
(“Sedentary Behaviour Questionnaires | The Sedentary Behaviour Research Network (SBRN),” 
n.d.). While they are popular tools, the data collected is not as accurate as individuals oftentimes 
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over- or underestimate their time spent being active and sedentary, respectively (Copeland et al., 
2017; Healy et al., 2011; Klesges et al., 1990; Neilson, Robson, Friedenreich, & Csizmadi, 2008; 
Sallis & Saelens, 2000). To mitigate these shortcomings, 24-hour recalls and daily behavior logs 
are often used in conjunction with retrospective questionnaires to help give a better 
understanding of  an individual’s full day, and to increase accuracy of data collected by limiting 
the amount of time the participant has to recall (24 hours versus weeks) (Healy et al., 2011). 
However, a consequence of using these recall measurement tools is that participants may not fill 
them out as frequently as required, thereby skewing the data that is collected (Healy et al., 2011).  
 
In summary, sleep and sedentary time are measured through a combination of objective 
and self-report measurement tools.  
When measuring sleep, PSG is the gold standard as it directly measures brain and 
physiological activity of the individual. However, it is incredibly expensive and only utilized in 
clinical practice. Due to limited access to PSG, accelerometers are increasingly being used in 
research settings to provide objective measurement of sleep patterns. The most common 
accelerometers used are the SWA, ActiWatch, and Actillume, with the SWA being considered 
the most accurate as compared to PSG. Questionnaires and sleep diaries are the most widely used 
self-report instruments for investigating sleep health. The most well-known questionnaires used 
for sleep research are the PSQI, SQS, ESS, FOSQ, and VAS. The PSQI is the most popular 
questionnaire in the field as it has been found to be both reliable and valid. 
When measuring sedentary time, the AP and ActiGraph are the two most commonly used 
accelerometer devices. The AP is considered the gold standard as it has been found to be more 
accurate and valid compared to the ActiGraph and VO2 consumption. Self-report measures such 
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as the Bouchard Physical Activity Questionnaire and Marshall Sitting Questionnaire are 
sometimes used, however they have been found to be inaccurate as compared to objective 
measures. Because of these inaccuracies, researchers have segued to using 24-hour recalls and 
daily behavior logs, though they may not completely mitigate these shortcomings as participants 
often forget to fill them out regularly.  
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ABSTRACT 
The purpose of this study was to determine the directionality of the relationships between 
sleep and sedentary time, and the consistency of these relationships across varying sleep patterns. 
Sleep duration and total sedentary time were assessed daily in men (n = 19; aged 32.5 + 3.9; 28.8 
+ 3.4 BMI) over three 14-day conditions. For all conditions, participants were given ActivPAL 
and SenseWear Armband monitors to measure sedentary, active, and sleep behaviors; during 
each condition, monitors were worn as close to 24-hours per day as possible. Data was analyzed 
via statistical analysis software to determine correlation coefficients and regression significance 
between sleep duration and total sedentary time.  
Our results indicate an inverse relationship between sleep duration and its prediction of 
sedentary time on subsequent days, though no evidence was found of a relationship between 
sedentary time and the subsequent sleep bout (Table 2; p-value = <0.0001 and 0.3561, 
respectively). Results were found to be heterogeneous across individuals indicating that the 
strength of the association varies between people (Table 3; p-value = 0.0002). When 
investigating the effects of varying sleep patterns, neither weekday versus weekend or sleep 
timing were found to have a significant impact on the relationship (Table 2; Day of week  
p-value = 0.9248; Sleep timing p-value = 0.5105). We determined that there is a significant 
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difference between sleep duration, specifically, on the week days versus weekend days 
(Appendix B.3; p-value < 0.0001), and between sedentary time for morning and evening 
chronotypes (Appendix B.4; p-value < 0.0001).  
Through this project we learned that there is a relationship between sleep duration and 
sedentary time that is unique to individuals and not impacted by varying sleep patterns. Further 
research in this field should use a larger sample size to better understand the longitudinal and 
acute relationships between sleep duration and sedentary time, as well as to better investigate the 
effect of daily and habitual sleep patterns on these relationships. Future studies should explore 
the impact these variables have across groups and within individuals to better determine the 
heterogeneity of these associations.  
 
3.1 Introduction 
Preventable chronic diseases like obesity, cardiovascular disease, cancer, and diabetes are 
heavily impacted by personal lifestyle choices and behaviors such as sleep quality and sedentary 
time (“CDC - Power of Prevention,” n.d., “CDC Press Releases,” 2016). The impact of these two 
behaviors on human health is important to investigate as the CDC has recently stated that over 
33% of American adults do not meet the recommended guidelines of 7-8 hours of sleep each 
night, and that US adults spend an average of 7-11 hours each day engaging in sedentary 
behavior (“CDC Features - Insufficient Sleep Is a Public Health Epidemic,” 2015; Diaz et al., 
2016; Matthews et al., 2008). Emerging evidence suggests that sleep quality and sedentary time 
are two key lifestyle factors that may influence chronic disease risk (Cassidy, Chau, Catt, 
Bauman, & Trenell, 2016; Clark et al., 2017). 
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Research has shown that poor sleep habits have a negative impact on health outcomes. 
Poor sleep quality, as defined by short duration, low efficiency, and late sleep timing, has been 
associated with an increased risk for many chronic diseases including obesity and diabetes, 
cardiovascular disease, and mental health disorders such as depression and bipolar disorder 
(Basnet et al., 2016; Benca et al., 1992; Liu et al., 2013; Tasali et al., 2008; Van Cauter et al., 
2007; Yu et al., 2007). Current literature has also illustrated that when individuals vary their 
habitual and daily sleep patterns, they suffer from negative biochemical effects such as increased 
cholesterol and triglyceride levels, central adiposity, and insulin resistance (Wittmann et al., 
2006; Wong et al., 2015).   
Engaging in prolonged bouts of sedentary time has also been shown to negatively impact 
health status. Recent literature investigating the impact of sedentary time on health outcomes 
illustrates that sedentary time is associated with lower levels of physical activity and fitness, 
decreased quality of life, increased depressive symptoms, and higher premature mortality rates 
(Chinapaw et al., 2011; Fountaine et al., 2011; Matthews et al., 2008; Rhodes et al., 2012). 
Currently, American adults spend an average of 55-77% of their daily waking hours sedentary, 
with larger amounts occurring on weekend days (Diaz et al., 2016; Matthews et al., 2012). This 
excessive amount of sedentary time negatively impacts one’s overall quality of life and increases 
their risk for numerous chronic diseases including cardiovascular disease, cancer, and diabetes 
(Brocklebank et al., 2015; Diaz et al., 2016; Guallar-Castillon et al., 2014; Matthews et al., 2012; 
Owen et al., 2010; Thorp et al., 2011).  
Sleep quality and sedentary time have both been found to independently impact health 
status, but researchers are still investigating how these two behaviors impact each other. The 
research that has been conducted has focused on examining the interplay between sleep and 
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sedentary time in adolescent and elderly populations, therefore research investigating the 
relationship between these behaviors in young and middle-aged adults is lacking (Carson et al., 
2016; Saunders et al., 2016). Despite this gap, there is evidence that sleep and sedentary time 
have a direct impact on each other.  
It has been found that later sleep times are associated with self-reports of increased time 
spent being sedentary the following day and throughout the week as a whole, and that increased 
sedentary time is associated with decreased sleep efficiency (Kelly G. Baron et al., 2014; 
Madden et al., 2014). As research has illustrated this bidirectional association between sleep and 
sedentary time, it is hypothesized that the two may have a reciprocal relationship similar to that 
of sleep quality and physical activity (Buman et al., 2015; Dzierzewski et al., 2014). 
The purpose of this thesis project was to fill the abovementioned gap by studying the 
relationship between sleep duration and sedentary time in young and middle-aged adults. In 
doing so, the present study investigated the direction of the relationship between these two 
behaviors both across the sample population and within individuals, and examined the impact 
that varying sleep patterns may have on these relationships. The central hypothesis of the project 
was that there is a reciprocal relationship (e.g. both behaviors having an inverse effect on the 
other) between nightly sleep duration and total sedentary time. Specifically, it was hypothesized 
that decreased sleep duration would increase the following day’s sedentary time, and that high 
daily sedentary time would decrease that night’s sleep duration. Further, it was hypothesized that 
sleep variances between week and weekend days, and daily and habitual sleep timing 
preferences, would impact these relationships. 
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3.2 Materials and Methods 
3.2.1 Participants 
Nineteen men (aged 25-40 years) from Ames, Iowa were recruited for a larger study in 
which the data for this project were collected. The age range was chosen as it was expected that 
the individuals had established regular daily behavior patterns, and it was the goal of the study to 
collect data on healthy adults before they started going down a path of ill health due to increased 
age. Only males were included as the larger study was examining hormones which may vary by 
gender and stage of the menstrual cycle. 
 Participants were recruited using flyers and email messages sent to the Iowa State 
University community. Eligibility criteria included 1) being between the ages of 25-40, 2) having 
a BMI between 24 and 34 kg/m2, 3) non-smoker, 4) exercising less than three times a week for 
the past six months for >20 minutes per bout, and 5) not having any health conditions that 
affected their diet or physical activity. Written informed consent was collected prior to 
enrollment for all participants, and all study procedures were reviewed and approved by the Iowa 
State University Institutional Review Board.  
3.2.2 Study Design and Procedures 
The data for this project came from a mechanistic intervention trial (shown in Figure 1 
below) designed to investigate the relationship between activity, adiposity, and appetite in adults: 
the AAA Study. Overall study procedures are described briefly with greater detail on the 
components relevant for the present research questions.  
Figure 1: Design and timeline of relevant procedures from the AAA Study. 
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All participants completed three 14-day conditions during which they were asked to wear 
the ActivPAL (AP) and SenseWear Armband (SWA) activity monitors 24-hours a day to collect 
sleep, sedentary, and activity data. The three conditions were a key part of the study design for 
the AAA Study where the participants altered their activity level to meet specified guidelines. 
The AP and SWA monitors collected the same information for all three conditions. The 
conditions are detailed below. 
Control Condition 
The first condition for all participants was the “control condition.” During this two-week 
period, participants were instructed to not vary their daily activity level or lifestyle. This control 
condition afforded us the opportunity to make individuals more and less active in the following 
two conditions, which was a goal of the AAA Study. The remaining conditions (low active and 
active) were completed in a randomized and counter-balanced order.  
Low Active Condition 
For the low active condition, participants were asked to accumulate less than 4,500 steps 
per day as measured by a wearable FitBit pedometer. The rationale for <4,500 steps per day was 
based on current definitions from the World Health Organization, the fact that this amount has 
been used in experimental studies to represent a sedentary lifestyle, and due to data indicating 
that this level of activity occurs in approximately 20% of free living US adults (Mikus et al., 
2012; Shook et al., 2015; Tudor-Locke et al., 2011; “WHO | Obesity and overweight,” n.d.).  
Active Condition 
During the active condition, the participants were asked to burn 17.5 Calories per 
kilogram of bodyweight each week during supervised exercise sessions at the University’s 
Nutrition and Wellness Research Center in addition to accumulating at least 12,500 steps per day 
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as measured by a FitBit. The rationale for the >12,500 steps per day threshold was that it aligns 
both with national recommendations of physical activity, is based on a body of literature 
suggesting that it corresponds with 30 minutes per day of moderate-to-vigorous exercise, and is 
associated with positive health outcomes (Tudor-Locke et al., 2011). 
However, while the conditions were meant to manipulate the participants’ activity level, 
their actual measured activity did not always align with the intent to treat conditions. Due to this 
nuisance variable, for the purposes of this project we chose to create participant groupings based 
on their measured MVPA and sedentary time.  
3.2.3 Measurements  
The SWA and AP monitors were the two objective measurement tools used over the 
course of the study to assess sleep and sedentary time. Participants were asked to wear these 
monitors continuously, except for water-based activities, during the three 14-day conditions. 
Participants were also asked to fill out a monitor log for each day of wear stating when they 
removed the monitors for things such as showers or swimming, and to note what time they went 
to sleep each night. The AP was used to evaluate the amount of time the participants spent 
engaging in sedentary behavior by recording the amount of time each day that the participant 
spent walking, standing, and reclining. The SWA was used to measure sleep quality and 
duration. Finally, the PSQI (D. J. Buysse et al., 1989) was the survey tool used to assess sleep 
quality of the participants over the three condition periods. The PSQI was completed on the last 
day of each condition. 
3.2.4 Analyses  
Objective and self-report measurement tools were used in conjunction with one another 
to evaluate the effects of sedentary time on sleep duration, and to assess the effects of sleep 
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duration on sedentary time. Analyses were done to investigate the direction of the relationships 
between the two behaviors both within each individual participant and across the sample 
population, and to explore the effect of varying sleep patterns on these relationships.  
Monitor-Collected Data 
The AP data were processed through use of the ActivPAL3 software, version 7.2.32. 
Participants’ individual days of wear were included in the analysis if they had at least 600 
minutes of monitor wear per day. The SWA data were processed through use of the BodyMedia 
SenseWear software, version 8.0, with the consultation help of Michael Wirth of the University 
of South Carolina. The data from the two activity monitors were then paired according to the 
date of wear, allowing us to investigate the relationship between sleep and sedentary time on 
subsequent days as well as between week and weekend days.  
The monitor-collected data for each of the four project aims were analyzed using the 
Statistical Analysis Software JMP, update 13.2.1. For all project aims, the effect of MVPA on 
sleep duration and sedentary time was controlled for as it is known from current research that 
MVPA influences both of these variables (Driver & Taylor, 2000; Ekelund et al., 2016). A 
multivariate correlation analysis model was used to determine the partial correlation coefficients 
for each of the project aims. The partial correlation coefficients were calculated between two sets 
of residuals: the residuals from a regression predicting sleep duration from MVPA minutes, and 
the residuals from a regression predicting sedentary time from MVPA minutes. Further, a 
regression model was used to investigate the mechanistic relationship between sleep duration and 
sedentary time across the sample population and within individuals for all aims. A significance 
level of 0.05 was used for all tests.  
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The analyses conducted for each aim are described in detail below. 
Project Aim 1: Is tonight’s sleep duration related to tomorrow’s sedentary time? 
When determining the partial correlation coefficient for this aim, the correlation variables 
included in the partial correlation model were previous night’s sleep duration and daily sedentary 
minutes, while controlling for daily MVPA minutes. The regression model analysis included the 
model effects of the individual (ID), daily MVPA minutes, the previous night’s sleep duration, 
and the dependent variable was daily sedentary minutes.  
To examine individual heterogeneity between the participants, we ran a second regression 
model analysis using the same dependent variable and model effects, however we added the 
interaction between ID and the previous night’s sleep as another model effect. Including the 
interaction between the individual and our variable of interest allowed us to investigate the 
differences between the individual means of each participant, and determine if the effect was 
homogeneous amongst the group or heterogeneous (i.e. unique for each individual).  
Project Aim 2: Is today’s sedentary time related to tonight’s sleep duration? 
 The analyses conducted for project aim 2 were identical to those conducted for project 
aim 1 except for altering the variables of interest.  
When determining the partial correlation coefficient for this aim, the correlation variables 
included were daily sedentary minutes and that night’s sleep duration, while controlling for daily 
MVPA minutes. The regression model analysis included model effects of ID, daily MVPA 
minutes, the daily sedentary minutes, with the dependent variable being the corresponding 
night’s sleep duration.  
To examine individual heterogeneity between the participants, a second regression model 
analysis was run that used the same dependent variable and model effects, however we included 
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the interaction between ID and daily sedentary minutes as an additional model effect. Again, 
including the interaction between the individual and our variable of interest allowed us to 
investigate the heterogeneity of the effect.  
Project Aim 3: Is there a difference between weekday versus weekend sleep duration on 
the subsequent day’s sedentary time? 
The analyses conducted for aims 3 and 4 vary from those conducted for aims 1 and 2. For 
this project aim, we first determined the impact that the day of the week had on both sleep 
duration and sedentary time via paired t-tests.  
To ascertain how sleep duration differed between week and weekend days, we fit the 
model with the dependent variable of sleep duration, and included the following fixed model 
effects: ID, whether it was a week or weekend day (denoted as PRE_Weekend, specifically; 0 = 
week day, 1 = weekend day), and the interaction between ID and PRE_Weekend. Having the ID 
present within the model as a model effect provided results identical to that of a paired t-test as it 
allowed us to examine the effects within the person. 
To understand how sedentary time differed from weekdays to weekends, we used the 
same t-test model and model effects as described above, except sedentary time was the 
dependent variable instead of sleep duration. Again, having the ID present within the model as a 
model effect provided results identical to that of a paired t-test and enabled us to examine the 
effects within the person.  
 When determining the partial correlation coefficients and the regression model effects, 
we analyzed them for week and weekend days separately. We subset the sleep duration, 
sedentary minutes, and MVPA minutes data as either week or weekend depending on the day it 
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was collected. Monday through Friday were classified as week days, and Saturday and Sunday 
were considered weekend days.   
To determine the partial correlation coefficients for this aim, the correlation variables 
included were sleep duration and sedentary minutes, while controlling for MVPA minutes, for 
both week and weekend days, separately. The regression model analysis included the model 
effects of ID, previous night’s sleep duration, and MVPA minutes, with the dependent variable 
being daily sedentary minutes. This analysis was again broken up for week and weekend days by 
using the corresponding week and weekend day data subsets.    
When examining the individual heterogeneity of the regression, we conducted one 
regression analysis to determine the differences between individual slopes by both the individual 
and day of the week. The dependent variable was sedentary minutes, and the model effects 
included the following: ID, previous night’s sleep duration, PRE_Weekend, MVPA minutes, and 
the interactions between ID and previous night’s sleep duration, and PRE_Weekend and 
previous night’s sleep duration. By including the two interactions as model effects, we were able 
to identify if there was variability between the means due to the individual, or due to the day of 
the week being either a week or weekend day.  
Project Aim 4: Does sleep timing impact the relationship between sleep duration and 
sedentary time? 
The analyses that were conducted for this project aim are similar in practice to those 
conducted for project aim 3 in the fact that it was necessary to subset the data prior to running 
the analyses.  
To properly subset the data for this aim, we classified each individual day of data as 
either early sleep onset time or late sleep onset time (defined as mid-point of the sleep bout being 
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3:05AM or later). Once sleep timing was assessed, we determined the partial correlation 
coefficients and ran the regression analyses to explore the relationship between early and late 
onset sleep duration and sedentary time.  
To determine the partial correlation coefficients for this aim, the correlation variables 
included were sleep duration and sedentary minutes, while controlling for MVPA minutes, for 
early and late sleep timing, respectively. The regression model analyses included the model 
effects of ID, previous night’s sleep duration, and MVPA minutes, with the dependent variable 
being daily sedentary minutes for both data subsets.  
When examining the individual heterogeneity of the regression, we conducted one 
regression analysis to determine the differences between participant means by both the individual 
as well as by sleep timing. The dependent variable was sedentary minutes, and the model effects 
included the following: ID, previous night’s sleep duration, sleep timing, MVPA minutes, and 
the interactions between ID and previous night’s sleep duration, and sleep timing and previous 
night’s sleep duration. By including the two interactions as model effects, we were able to 
identify if there was variability between the means due to the individual or daily sleep onset 
time.  
In order to explore the effect that chronotype has on the association between sleep 
duration and sedentary time, we defined individuals as either morning or evening chronotypes 
based on their propensity for earlier sleep onset times. If more than 50% of an individual’s 
measured nights had an early sleep onset time, that participant was determined to be a “morning 
chronotype.” If less than 50% of their measured nights had an early sleep onset time, the 
individual was then determined to be an “evening chronotype.” Once each participant was 
classified by their respective chronotype, we determined their individual slope for the association 
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between sleep duration and the following day’s sedentary time. These slopes were then fit by 
their propensity for early sleep onset times (0-100% propensity) to calculate the correlation 
coefficient for the relationship between chronotype and the association between sleep duration 
and sedentary time.   
Finally, to ascertain how sleep duration and sedentary time differed between morning and 
evening chronotypes, we ran independent t-tests for both dependent variables (sleep duration and 
sedentary time, respectively), and used chronotype as the categorical variable. We also wanted to 
descriptively assess whether there was a difference in sleep duration between morning and 
evening chronotypes on week versus weekend days. To accomplish this, we created a graph 
showing the average sleep duration for both morning and evening chronotypes for week and 
weekend days, separately. We then assessed this interaction through the use of effect sizes.  
Self-Report Data 
The PSQI questionnaire was filled out by each participant at the end of each intent to 
treat condition. Due to the intent to treat conditions being somewhat of a nuisance variable for 
our specific project aims, we categorized each individual participant’s condition as either least 
sedentary, mid-sedentary, and most sedentary by their AP-assessed total sedentary time prior to 
examining the PSQI results. This method allowed us to investigate how self-reported sleep 
quality varied as individuals increased their sedentary time.  
The PSQI results were scored for each of the seven components for each participant, and 
each participant’s global sleep score was calculated following the scoring guidelines published 
by Buysse and colleagues (1989). When interpreting the PSQI scores (both for component scores 
and global scores), lower scores indicate that the individual is experiencing better sleep (see 
PSQI Scoring document, Appendix A.2). Regarding the analysis of the PSQI survey results, we 
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calculated the effect sizes between all three sedentary-time defined conditions in order to 
quantify the difference between the three periods, and determine the variability of sleep quality 
between the means of the conditions. By calculating the effect sizes, we investigated the 
difference seen in sleep quality as related to increases in sedentary time without the confounding 
effects of our small sample size. These data were used to supplement the second project aim 
results.  
 
3.3 Results  
 The results collected from the various analyses described above have been separated by 
project aim. Below, table 1 illustrates descriptive statistics of our sample and aims components, 
and tables 2 and 3 show condensed results for all four project aims investigating group 
associations and individual heterogeneity, respectively. Full results of all analyses conducted are 
presented in Appendices A and B for each of the project aims.  
3.3.1 Project Aim 1: Does tonight’s sleep duration predict tomorrow’s sedentary time? 
The partial correlation coefficient indicates a negative association between sleep duration 
and the subsequent day’s sedentary time when controlling for MVPA (Table 2; r = -0.2318). This 
suggests that as length of sleep bout is increased, sedentary time the following day decreases.  
The regression analysis for aim 1 suggests that there is a statistically significant 
relationship between predicted sedentary time and the previous night’s sleep duration when 
assuming all participant slopes are the same (Table 2; p-value < 0.0001), and there is evidence 
that there is variability between individuals (Appendix B.1; ID model effect p-value < 0.0001).  
When exploring the heterogeneity of the slopes between participants, we found that there 
is a significant difference between the means of individuals (Table 3; ID interaction model effect 
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p-value = 0.0002) describing the relationship between sleep duration and the following day’s 
sedentary time.  
These data suggest that there is a significant negative association between tonight’s sleep 
duration and tomorrow’s sedentary time across a sample population, though the strength of the 
association is not equal across all individuals.  
3.3.2 Project Aim 2: Does today’s sedentary time predict tonight’s sleep duration? 
The partial correlation coefficient indicates a negative association between sedentary time 
and the duration of the subsequent sleep bout when controlling for MVPA (Table 2; r = -0.0717). 
This suggests that as length of sedentary time increases, the duration of the following sleep bout 
decreases.  
The regression analysis for aim 2 suggests that there is not a statistically significant 
relationship between sedentary time and the following night’s sleep duration when assuming all 
participant slopes are the same (Table 2; p-value = 0.3561), though there is evidence that there is 
variability between individuals (Appendix B.2; ID model effect p-value < 0.0001).  
However, when exploring the heterogeneity of the slopes between participants, we found 
that there is no significant difference between the means of individuals (Table 3; ID interaction 
model effect p-value = 0.3344) describing the relationship between sedentary time and the 
following night’s sleep duration.  
Supplementing these findings, the results from determining the effect sizes of participant 
PSQI scores between conditions indicate only small effects between sleep duration and 
increasing sedentary time. This indicates that participants did not vary their self-report of sleep 
duration as they became more sedentary. However, there are large effects present between the 
least sedentary condition and both the mid- and most sedentary conditions for the daytime 
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dysfunction component of sleep, and the global scores of participants indicated large effects 
between the least and mid-sedentary conditions. These data imply that as individuals became 
more sedentary, they perceived themselves to have increased daytime dysfunction, and that as 
participants became marginally more sedentary, their overall score for sleep health worsened. 
While these data do not impact the results of this aim, this could indicate an area for future 
investigation (Appendix A.1).   
Together, these objective and self-report data suggest that there is not a significant 
negative association between today’s sedentary time and tonight’s sleep duration across a sample 
population, and the effect appears to be similar among individuals. Comparing the results from 
this project aim to the results of Project Aim 1, the data suggests that the relationship between 
sleep and sedentary time is not reciprocal either across sample populations or within individuals, 
and that sleep duration is a better predictor of sedentary time compared to sedentary time 
predicting sleep duration. 
3.3.3 Project Aim 3: Is there a difference between weekday versus weekend sleep duration on the 
subsequent day’s sedentary time? 
 The paired t-test results indicate that there is a significant difference between sleep 
duration when comparing week and weekend days both due to individual variability and day of 
the week (Appendix B.3; ID model effect p < 0.0001, PRE_Weekend model effect p < 0.0001). 
There was also a difference between sedentary time, but only due to individual variability. The 
day of the week was not found to be a significant factor (Appendix B.3; p-value = 0.0004 and 
0.0812, respectively).    
When determining the association between sleep and sedentary time with respect to day 
of the week, the partial correlation coefficient indicates a negative association between weekday 
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sleep duration and the following days sedentary time when controlling for MVPA (Table 2;  
r = -0.2285). This suggests that as sleep duration on a weekday increases, the amount of 
sedentary time the following day decreases. A similar result is suggested by the correlation 
coefficient for the relationship between weekend sleep duration and sedentary time (Table 2;  
r = -0.2864).  
The regression analyses for aim 3 suggest that there are statistically significant 
relationships between both weekday sleep duration and the following day’s sedentary time, and 
weekend sleep duration and the following day’s sedentary time, when assuming all participant 
slopes are the same (Table 2; p-value < 0.0001 and p-value = 0.0059, respectively). The ID 
model effect also suggests that there is variability between participants (Appendix B.3; p-value 
<0.0001).  
When investigating the individual heterogeneity of the slopes, it was found that there is a 
significant difference between the means of individuals (Table 3; ID interaction model effect  
p-value = 0.0002) describing the relationship between sleep duration and the following day’s 
sedentary time, but that the day of the week has no statistically significant impact on this 
variability (Table 3; PRE_Weekend model effect p-value = 0.9248).   
These data suggest that sleep duration has a negative association with the following day’s 
sedentary time, no matter the day of the week, both across sample populations as well as within 
individuals. However, the strength of the association is not equal between individuals as there is 
significant variability, but the day of the week does not contribute to this variability.   
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3.3.4 Project Aim 4: Does sleep timing impact the relationship between sleep duration and 
sedentary time? 
When exploring the effects of sleep timing on the relationship between sleep duration and 
sedentary time, the partial correlation coefficient between earlier sleep times and sedentary time 
indicates that there is a negative association between sleep duration and sedentary time when 
controlling for MVPA (Table 2; r = -0.1541). This suggests that with an earlier sleep onset time, 
as sleep duration increases, sedentary time the following day decreases. The same is suggested 
for the effect of later sleep timing when controlling for MVPA (Table 2; r = -0.2756).  
The regression analyses for aim 4 suggests that there are statistically significant 
relationships between sleep duration and sedentary time for both early and late sleep timing 
when assuming participant slopes are identical (Table 2; p-value = 0.0105 and < 0.0001, 
respectively). The ID model effect for both regressions indicate that there is evidence of 
individual variability between participants (Appendix B.4; p-value < 0.0001).  
When the regression analysis was run to investigate the individual heterogeneity of the 
slopes, it was found that there is a significant difference between the means of individuals 
describing the relationship between sleep duration and sedentary time due to individual 
variability between participants, but not due to sleep timing (Table 3; ID interaction model effect 
p-value = 0.0005, Sleep_Time interaction effect p-value = 0.5105).    
When investigating how chronotype impacts the relationship between sleep duration and 
sedentary time the following day, the correlation coefficient indicates a positive association 
between one’s propensity for early sleep and their individual relationship between sleep and 
sedentary time (Appendix B.4; r = 0.3393). This implies that as participants have a higher 
propensity for earlier sleep times, they have a stronger relationship between sleep duration and 
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sedentary time, though the finding was not statistically significant (Appendix B.4;  
p-value = 0.1553) 
Finally, the results from the two-sample t-test indicate that there is not a significant 
difference in sleep duration as determined by one’s chronotype (Appendix B.4; Propensity model 
effect p-value = 0.1155). However, when investigating the impact that chronotype has on 
sedentary time, the t-test results showed that there is a significant difference between morning 
and evening chronotypes (Appendix B.4; Propensity model-effect p-value <0.0001). These 
results illustrate that while chronotype does not impact sleep duration, it does appear to influence 
sedentary time, with evening chronotypes showing increased daily sedentary time compared to 
morning chronotypes. When we assessed the interaction between chronotype and day of the 
week, we found that there was only a small effect present between sleep duration on week versus 
weekend days for both morning and evening chronotypes, and that this variability between 
means was homogeneous for both groups (Appendix B.4; Cohen’s d = 0.337). 
Overall, these data suggest that sleep duration has a negative association with the 
following day’s sedentary time, regardless of nightly sleep timing, both across sample 
populations as well as within individuals. However, the strength of the association is not equal 
between individuals as there is significant variability, but sleep timing does not contribute to this 
variability. Evening chronotypes were found to have increased sedentary time compared to 
morning chronotypes, and morning chronotypes were found to have a stronger relationship 
between sleep duration and sedentary time.   
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Table 1 – Descriptive statistics (mean + SD) for participant demographics as well as chosen sleep and activity 
metrics; means and standard deviations calculated from averaging all participants and/or data points; bold indicates 
significantly different values between (weekday vs. weekend: p-value < 0.0001, Cohen’s d = 0.337; morning vs. 
evening: p-value < 0.0001, Cohen’s d = 0.363). 
 
 
 
 
Participant and Data Point Information 
  
Total 
Day of the Week Sleep Timing Chronotype 
  Weekday Weekend Early Later Morning Evening 
Sample Size 
(total 
participants; 
number of 
data points) 
19 493 302 368 427 13 6 
Age (years) 32.5 + 3.9 32.4 + 3.9 32.7 + 3.8 
32.8 + 
4.1 
32.2 + 3.7 33.6 + 3.9 30 + 2.1 
Height (cm) 180.5 + 7.2 180.3 + 7.3 
180.9 + 
6.9 
181.9 + 
6.1 
179.3 + 
7.8 
182.2 + 
5.6 
177.0 + 
8.8 
Weight (kg) 94.3 + 14.4 93.4 + 14.1 
95.8 + 
14.7 
94.4 + 
11.5 
94.2 + 
16.5 
97.1 + 
11.1 
88.2 + 
18.3 
BMI (kg/m2) 28.8 + 3.4 28.6 + 3.3 29.2 + 3.4 
28.5 + 
3.0 
29.1 + 3.6 29.3 + 3.1 27.9 + 3.8 
Sleep Duration 
(mins) 
459.4 + 
97.0 
449.9 + 
88.8 
483.7 + 
111.9 
456.0 + 
87.5 
462.8 + 
106.0 
455.4 + 
93.5 
467.9 
+103.8 
Sedentary 
Time (mins) 
654.1 + 
161.8 
666.7 + 
137.3 
654.5 + 
164.1 
646.1 + 
146.9 
675.5 + 
146.9 
642.8 + 
145.2 
695.6 + 
145.7 
MVPA per Day 
(mins) 
78.3 + 71.4 82.3 + 66.0 
70.4 + 
62.7 
87.8 + 
72.7 
69.2 + 
55.6 
77.3 + 
68.0 
80.5 + 
58.6 
Steps per Day 
7413.0 + 
3911.6 
7840.5 + 
3931.3 
6548.9 + 
3732.7 
8105.0 + 
4143.3 
6738.2 + 
3549.6 
7491.2 + 
3942.1 
7244.5 + 
3848.4 
Sleep Onset 
Time 
(hh:mm:ss) 
23:34:18 + 
1:40:06 
23:28:15 + 
1:37:09 
23:50:28 
+ 1:50:09 
22:35:22 
+ 0:59:16 
0:41:49 + 
1:35:18 
23:03:49 + 
1:21:17 
0:38:40 + 
1:45:38 
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Table 2 – The table below depicts the results found, assuming all individual participant slopes are equal, for each of 
the 4 project aims: 1) Does tonight’s sleep predict tomorrow’s sedentary time, 2) Does today’s sedentary time 
predict tonight’s sleep, 3) Comparison of weekday versus weekend sleep and its prediction of sedentary time, 4) 
Comparison of sleep timing and its impact sedentary time; all p-values were determined with an alpha-level of 0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 – The table below depicts the results found when investigating the individual variability in slopes between 
participants for each of the 4 project aims: 1) Does tonight’s sleep predict tomorrow’s sedentary time, 2) Does 
today’s sedentary time predict tonight’s sleep, 3) Comparison of weekday versus weekend sleep and its prediction of 
sedentary time, 4) Comparison of sleep timing and its impact sedentary time; all p-values were determined with an 
alpha-level of 0.05. 
 
 
 
 
 
Group Associations between Sleep and Sedentary Time 
  
Aim 1 Aim 2 
Aim 3 Aim 4 
  Weekday Weekend Early Late 
Correlation 
Coefficient 
-0.2318 -0.0717 -0.2285 -0.2864 -0.1541 -0.2756 
P-value < 0.0001 0.3561 < 0.0001 0.0059 0.0105 < 0.0001 
Investigating Individual Heterogeneity of Associations 
  
Aim 1 Aim 2 
Aim 3 Aim 4 
 Weekday Weekend Early Late 
Effect 
Interactions 
ID ID ID 
Day of 
Week 
ID 
Day of 
Week 
ID 
Sleep 
Timing 
ID 
Sleep 
Timing 
P-value 0.0002 0.3344 0.0002 0.9248 0.0002 0.9248 0.0005 0.5105 0.0005 0.5105 
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3.4 Discussion  
This study used a cross-over, mechanistic intervention trial study design versus a cross-
sectional study design to investigate the direction of the relationships between sleep duration and 
sedentary time. This gave us a unique opportunity to observe the extent of these relationships 
longitudinally over several two-week periods. Through our investigations, we determined that 
sleep duration is a stronger predictor of subsequent day’s sedentary time than the reciprocal.  
This project afforded us the opportunity to investigate the given relationships both across 
the sample as well as within participants. Given the amount of data that we collected on each 
participant over the course of the study, we were able to compare the associations between sleep 
duration and sedentary time both interpersonally between all participants and all three 
conditions, and intrapersonally by comparing individual days and condition periods to each other 
within each participant. This gave us the opportunity to determine if the relationship between 
sleep and sedentary time can be generalized to everyone (i.e. homogeneous), or if the 
relationship between the two behaviors is completely individualized (i.e. heterogeneous). 
3.4.1 Project Aims 1 and 2: Does tonight’s sleep duration predict tomorrow’s sedentary time, and 
does today’s sedentary time predict tonight’s sleep duration? 
Current research has been inconclusive regarding the direction of the relationship 
between sleep duration and sedentary time. There has been support for the finding that decreased 
sleep duration has a negative impact on sedentary time (Kelly G. Baron et al., 2014b; Must & 
Parisi, 2009; Romney et al., 2016), though the research in support of sedentary time impacting 
sleep has been less consistent. For example, Madden and colleagues (2014) found that increased 
sedentary time negatively impacted sleep efficiency, and Buman et al. (2015) determined that 
every hour of sitting time per day increases one’s risk for poor sleep quality. Conversely, 
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Vallance and colleagues (2015) determined that accelerometer-assessed sedentary time had no 
association with sleep outcomes. 
Through our project investigations, we found that there was a significant negative 
relationship between sleep duration and its prediction of the following day’s sedentary time. The 
regression analyses indicated that there was individual variability present between the slopes of 
the association for the participants. When comparing the results from the analyses of the first two 
project aims, our data suggests that the relationship between sleep and sedentary time is not 
reciprocal as has been recently suggested by research findings (Buman et al., 2015; Dzierzewski 
et al., 2014). 
Our results regarding these first two project aims are aligned with what has been 
determined and reported in current literature as we found a relationship present between these 
two variables, though the data do not support the finding that the relationship between sleep and 
sedentary time is reciprocal. Based on our collected data, we found that sleep duration is a 
stronger predictor of sedentary time, and that accelerometer-assessed sedentary time is not a 
significant predictor of subsequent sleep bout duration.    
3.4.2 Project Aim 3: Is there a difference between week versus weekend day sleep duration on 
the subsequent day’s sedentary time? 
The relationship between sleep and sedentary time is complicated by influences from 
social and work obligations (e.g. social jet lag and shift work schedules). Current research shows 
that there are variations between week days and weekend days regarding sleep duration and 
sedentary time. It has been found that individuals spend a larger portion of their weekend days 
sedentary as compared to week days (Diaz et al., 2016; Evenson et al., 2015; Harvey et al., 2013; 
Pinto Pereira et al., 2012), and Clark and colleagues (2017) found that women self-reported 
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sleeping longer on non-work days. When Baron and colleagues (2014b) investigated the effect of 
day of the week on the relationship between sleep and sedentary time, they found that decreased 
sleep duration increased subsequent weekday sedentary time, specifically. These varying results 
convolute the relationship between sleep and sedentary time and create barriers to understanding 
this relationship.  
When exploring sleep duration and sedentary time patterns of our sample, we determined 
that weekend sleep duration was longer than on the weekdays, but that there was no significant 
difference between sedentary time. We investigated the impact of day of the week on the 
relationship between sleep duration and sedentary time and found that both weekday and 
weekend nightly sleep duration have a significant inverse relationship with subsequent day’s 
sedentary time, indicating that increased sleep duration on any night of the week leads to a 
decrease in the following day’s sedentary time (p-value < 0.0001, and p-value = 0.0059, 
respectively). The regression analyses also indicated that there was individual variability 
between the participants, and that the group effect was not homogeneous across the sample 
population. However, there was no significant effect of the day of the week on the variability 
between participant means.   
Our findings support the notion that sleep duration impacts sedentary time, but the results 
we collected do not support current research in concluding that sleep variations between days of 
the week impact the relationship between sleep duration and sedentary time.  
3.4.3 Project Aim 4: Does sleep timing impact the relationship between sleep duration and the 
subsequent day’s sedentary time? 
Recent literature indicates that sleep patterns vary between people based on their 
individual circadian rhythm and chronotype, and that these variations could lead to differing 
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effects on sedentary time. It has been found that evening chronotypes are at an increased risk for 
various chronic diseases as well as decreased levels of physical activity and lower self-
perceptions of health and well-being (Fleig & Randler, 2009; Sato-Mito et al., 2011; Harb et al., 
2012; Kabrita et al., 2014; Urban et al., 2011; Kelly Glazer Baron & Reid, 2014; Haraszti et al., 
2014; Kelly G. Baron et al., 2011). 
Kelly Glazer Baron has pioneered research investigating sleep timing and the effects of 
sleep timing on sedentary time. In their study, Baron and colleagues (2011) concluded that 
evening chronotypes and later sleep onset timing were both associated with increased sedentary 
time, particularly on the weekends. They defined a late sleeper as someone having a midpoint of 
sleep of 5:30AM or later, though for our sample this was not a reasonable definition. We 
determined that it was best to define our sample as early versus late sleepers by a midpoint of 
sleep of 3:05AM.  
We investigated the impact that sleep timing had on the association between sleep 
duration and sedentary time both by looking at nightly sleep patterns (e.g. early versus late sleep 
onset times), and habitual sleep patterns (e.g. participant chronotypes). When investigating the 
impact that chronotype has on the relationship between sleep duration and sedentary time, we 
found that evening chronotypes exhibit increased sedentary time overall (p-value < 0.0001), 
though sleep duration was not significantly impacted. Our results also indicate that there is no 
increased variability in weekday versus weekend sleep duration for evening chronotypes as 
compared to morning chronotypes (Appendix B.4; Cohen’s d = 0.337). The regression analyses 
determined that while the relationship between sleep duration and sedentary time is significant 
(p-value = 0.0105), nightly sleep timing has no effect on the variability of means between 
participants (p-value = 0.5105).  
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Overall, our results are partially aligned with what has been touted in current literature. 
Our sample indicates that evening chronotypes do have increased sedentary time as compared to 
morning chronotypes, though the results of our analyses do not support the conclusion that sleep 
timing significantly impacts the relationship between sleep duration and sedentary time.  
3.4.4 Practical Implications  
The results from this project are an important step towards determining directions of 
future research that could one day could lead to establishing more concrete guidelines for both 
sleep duration and sedentary time. These data found that sleep duration and sedentary time are 
associated, and that when individuals slept longer they experienced a decrease in the following 
day’s sedentary time. Through the completion of this project, we have a better understanding as 
to how sleep and sedentary time interact with one another, however, future research targeting 
improvements in sleep is needed to determine whether changing sleep habits can improve 
sedentary time. It is quite possible that other variables may play a large role in the relationships 
investigated over the course of this project, particularly that of MVPA. Throughout the analyses 
that we conducted, we chose to control for daily MVPA minutes, therefore more research is 
needed investigating the interplay between sleep, sedentary time, and MVPA.  
3.4.5 Limitations 
Given the design of this study project, there were several limitations.  
The first limitation is the size and homogeneity of the sample population. To account for 
the small sample size, there was a large amount of data collected on each participant over the 
three conditions. For example, data from the SWA and AP were collected for every 24-hour 
period for each of the 14 days for each of the 19 participants. Therefore, while the number of 
individual participants was small, the amount of data collected was larger. Further, while the 
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results of this study can only be generalized to the male population, this project was a pilot study 
to test protocols and study design, and it is expected that this project will be repeated in the 
future with a larger, more heterogeneous sample where both genders will be represented.  
The second limitation is that the AP is unable to differentiate a reclined position (sitting 
and/or lying down) from sleep and therefore counts the time a participant spent sleeping as 
sedentary time. This limitation was accounted for through combined use of the monitor log and 
the SWA. The monitor logs asked the participants to document when they went to bed each night 
so that it was possible to program the AP software to exclude the data recordings from the period 
in which the participant stated they were sleeping. This allowed us to calculate and analyze the 
amount of time the participate was sedentary without including time spent asleep. In conjunction 
with this, the SWA can detect when an individual is asleep through its multi-sensor design. The 
data collected by the SWA was used to cross-check the AP data to ensure that the sedentary time 
we analyzed for our final statistics were legitimate and excluded time the participant spent 
asleep.  
The final limitation is that of study staff error. There were instances where the AP data 
collected from some participants (n = 5) were not downloaded and saved correctly, resulting in 
only two out of the three intent to treat conditions being included for those participants. These 
mistakes detracted from the total amount of workable data for this project, though not enough to 
warrant the project invalid.  
 
3.5 Conclusion  
Sleep and sedentary time are both lifestyle behaviors that have been found to impact 
general health and well-being. Decreased sleep quality and increased sedentary time have each 
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been associated with increased risk for chronic diseases such as cardiovascular disease, coronary 
heart disease, diabetes, cancer, metabolic syndrome, and mental health disorders, and have been 
associated with decreased quality of life.  
The purpose of this project was to investigate the relationships between sleep and 
sedentary time and determine the direction of these relationships, as well as how varying sleep 
patterns between week and weekend days, and early versus late sleep timing, impact these 
associations. Overall, it was found that sleep duration is a better predictor of subsequent day’s 
sedentary time on all days of the week, and for both morning and evening chronotypes. When 
investigating the consistency of the relationship with our small sample size, there was found to 
be significant correlations across the sample, as well as between individuals, indicating that the 
strength of the association is variable between people.  
Despite the findings of this study, further research is needed to better determine the 
nature of varying sleep patterns on the relationship between sleep and sedentary time as well as 
the potential interactions with MVPA. A larger sample size is needed to more thoroughly assess 
the generalizability of the relationship between these two lifestyle behaviors. 
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APPENDIX A – PITTSBURGH SLEEP QUALITY INDEX 
Appendix A.1: Scoring Effect Sizes  
 
Table A.1 – The effect sizes for each of the seven components of sleep between the three categorical conditions 
(least sedentary, mid-sedentary, most sedentary), as well as for the global score between the three conditions; All 
participants were included when calculating the means and standard deviations of the scores, both for each 
component as well as globally; interpretation of scores - < 0.5 = small effect, 0.5-0.79 = medium effect, > 0.8 = 
large effect.   
PSQI Component and Global Score Effect Sizes 
  
Sleep 
Quality 
Sleep 
Latency 
Sleep 
Duration 
Sleep 
Efficiency 
Sleep 
Disturbances 
Use of Sleep 
Medication 
Daytime 
Dysfunction Global 
Low Sed 
vs. Mid 
Sed 0.194 0.0680 0.224 0.401 0.513 0.459 0.965 1.00 
Low Sed 
vs. Most 
Sed 0.149 0.0000 0.0586 0.410 0.459 0.0000 0.641 0.0499 
Mid Sed 
vs. Most 
Sed 0.352 0.0789 0.157 0.103 0.513 0.459 0.442 0.964 
 
 
 
 
Figure A.1 – The graphical representation of the average scores for all components of the PSQI; averages 
determined from taking scores from all components.  
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Appendix A.2: Form Administration Instructions, References, and Scoring 
 
Form Administration Instructions 
The range of values for questions 5 through 10 are all 0 to 3. 
Questions 1 through 9 are not allowed to be missing except as noted below.  If these 
questions are missing then any scores calculated using missing questions are also missing. Thus 
it is important to make sure that all questions 1 through 9 have been answered.   
In the event that a range is given for an answer (for example, ‘30 to 60’ is written as the 
answer to Q2, minutes to fall asleep), split the difference and enter 45. 
Reference 
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ:  The Pittsburgh Sleep Quality 
Index:  A new instrument for psychiatric practice and research.  Psychiatry Research 28:193-
213, 1989. 
(D. J. Buysse et al., 1989) 
 
Scores – reportable in publications 
On May 20, 2005, on the instruction of Dr. Daniel J. Buysse, the scoring of the PSQI was 
changed to set the score for Q5J to 0 if either the comment or the value was missing.  This may 
reduce the DISTB score by 1 point and the PSQI Total Score by 1 point. 
PSQIDURAT  DURATION OF SLEEP 
   IF Q4 > 7, THEN set value to 0 
   IF Q4 < 7 and > 6, THEN set value to 1 
   IF Q4 < 6 and > 5, THEN set value to 2 
   IF Q4 < 5, THEN set value to 3 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIDISTB SLEEP DISTURBANCE 
 IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF 
Q5JCOM is null or Q5j is null, set the value of Q5j to 0) = 0, THEN set 
value to 0 
 
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF 
Q5JCOM is null or Q5j is null, set the value of Q5j to 0) > 1 and < 9, 
THEN set value to 1 
 
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF 
Q5JCOM is null or Q5j is null, set the value of Q5j to 0) > 9 and < 18, 
THEN set value to 2 
 
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF 
Q5JCOM is null or Q5j is null, set the value of Q5j to 0) > 18, THEN set 
value to 3 
 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
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PSQILATEN  SLEEP LATENCY 
   First, recode Q2 into Q2new thusly: 
IF Q2 > 0 and < 15, THEN set value of Q2new to 0 
IF Q2 > 15 and < 30, THEN set value of Q2new to 1 
IF Q2 > 30 and < 60, THEN set value of Q2new to 2 
IF Q2 > 60, THEN set value of Q2new to 3 
Next 
   IF Q5a + Q2new = 0, THEN set value to 0 
IF Q5a + Q2new > 1 and < 2, THEN set value to 1 
IF Q5a + Q2new > 3 and < 4, THEN set value to 2 
IF Q5a + Q2new > 5 and < 6, THEN set value to 3 
 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIDAYDYS  DAY DYSFUNCTION DUE TO SLEEPINESS 
   IF Q8 + Q9 = 0, THEN set value to 0 
   IF Q8 + Q9 > 1 and < 2, THEN set value to 1 
   IF Q8 + Q9 > 3 and < 4, THEN set value to 2 
   IF Q8 + Q9 > 5 and < 6, THEN set value to 3 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIHSE   SLEEP EFFICIENCY 
Diffsec = Difference in seconds between day and time of day Q1 and day 
Q3 
  Diffhour = Absolute value of diffsec / 3600 
              newtib =IF diffhour > 24, then newtib = diffhour – 24 
               IF diffhour < 24, THEN newtib = diffhour 
(NOTE, THE ABOVE JUST CALCULATES THE HOURS BETWEEN 
GNT (Q1) AND GMT (Q3)) 
  tmphse = (Q4 / newtib) * 100 
 
  IF tmphse > 85, THEN set value to 0 
  IF tmphse < 85 and > 75, THEN set value to 1 
  IF tmphse < 75 and > 65, THEN set value to 2 
  IF tmphse < 65, THEN set value to 3 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQISLPQUAL OVERALL SLEEP QUALITY 
   Q6 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIMEDS   NEED MEDS TO SLEEP 
   Q7 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQI    TOTAL 
79 
 
 
 
   DURAT + DISTB + LATEN + DAYDYS + HSE + SLPQUAL + MEDS 
Minimum Score = 0 (better); Maximum Score = 21 (worse) 
Interpretation: TOTAL < 5 associated with good sleep quality 
     TOTAL > 5 associated with poor sleep quality 
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APPENDIX B – JMP TABLES AND FIGURES FROM PROJECT AIMS ANALYSES 
 
Appendix B.1: Project Aim 1 
 
Table B.1.1 – Effect test data for the regression analysis of Project Aim 1, assuming all slopes are equal 
(PRE_Length, ID, MVPA_Minutes); the PRE_Length + ID model effect interaction allows for investigating the 
heterogeneity of the individual slopes of participants.  
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
PRE_Length_of_total_sleep_bout 1 1 383282.7 31.4645 <.0001* 
ID 18 18 1781794.6 8.1262 <.0001* 
MVPA_Minutes 1 1 1099250.9 90.2399 <.0001* 
PRE_Length_of_total_sleep_bout*ID 18 18 585820.0 2.6717 0.0002* 
 
 
 
 
 
 
 
 
 
Table B.1.2 – The table below depicts the partial correlation coefficients for nightly sleep and its association with 
tomorrow’s sedentary time, controlling for the effect of MVPA. 
 
 
 
 
 
 Residual 
PRE_Length_of_total_
sleep_bout 
Residual 
min_sedentary 
Residual 
MVPA_Minutes 
Residual 
PRE_Length_of_total_sleep_bout 
- -0.2318 -0.1306 
Residual min_sedentary -0.2318 - -0.3434 
Residual MVPA_Minutes -0.1306 -0.3434 - 
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Figure B.1 – Individual regressions for every participant showing the relationship between previous night’s sleep 
and the following day’s sedentary time. 
 
 
 
 
 
Appendix B.2: Project Aim 2 
 
Table B.2.1 – Effect test data for the regression analysis of Project Aim 2, assuming all slopes are equal 
(min_sedentary, ID, MVPA_Minutes); the ID + min_sedentary model effect interaction allows for investigating the 
heterogeneity of the individual slopes of participants. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
ID 18 18 799023.63 5.5810 <.0001* 
MVPA_Minutes 1 1 9512.87 1.1960 0.2746 
ID*min_sedentary 18 18 159462.67 1.1138 0.3344 
min_sedentary 1 1 5741.84 0.7219 0.3959 
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Table B.2.2 – The table below depicts the partial correlation coefficients for daily sedentary time and its association 
with the duration of the following sleep bout, controlling for the effect of MVPA. 
 Residual 
min_sedentary 
Residual 
MVPA_Minutes 
Residual 
POST_Length_of_total_sleep
_bout 
Residual min_sedentary  
- 
 
-0.3197 
 
-0.0717 
Residual MVPA_Minutes  
-0.3197 
-  
-0.0121 
Residual 
POST_Length_of_total_sleep
_bout 
 
-0.0717 
 
-0.0121 
 
- 
 
 
 
 
 
Figure B.2 – Individual regressions for every participant showing the relationship between sedentary time and the 
following length of sleep bout. 
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Appendix B.3: Project Aim 3 
 
 
Appendix B.3.1: Day of the Week on the Relationship between Sleep and Sedentary Time 
 
 
Table B.3.1a – Effect test data for the regression analysis of Project Aim 3, assuming all slopes are equal 
(PRE_Length, ID, MVPA_Minutes); the PRE_length data used for this regression was pulled from week days only. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 18 18 1260203.8 5.7229 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 210425.0 17.2008 <.0001* 
MVPA_Minutes 1 1 563809.9 46.0875 <.0001* 
    
  
 
 
 
 
 
Table B.3.1b – Effect test data for the regression analysis of Project Aim 3, assuming all slopes are equal 
(PRE_Length, ID, MVPA_Minutes); the PRE_length data used for this regression was pulled from weekend days 
only.    
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 18 18 1076670.5 4.3710 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 106913.5 7.8127 0.0059* 
MVPA_Minutes 1 1 327985.8 23.9676 <.0001* 
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Table B.3.1c – Effect test data for the regression analysis of Project Aim 3 to examine the heterogeneity of 
individuals slopes between participants; the ID + PRE_Length model effect interaction allows for investigating the 
heterogeneity of the slopes by comparing individuals, and the PRE_Weekend + PRE_Lengh model interaction 
investigates the heterogeneity by comparing week days against weekend days. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID*PRE_Length_of_total_sleep_bout 18 18 595729.4 2.7247 0.0002* 
ID 18 18 1795884.0 8.2138 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 318717.4 26.2389 <.0001* 
PRE_Weekend 1 1 42719.4 3.5169 0.0613 
MVPA_Minutes 1 1 1094837.0 90.1340 <.0001* 
PRE_Weekend*PRE_Length_of_total_
sleep_bout 
1 1 108.2 0.0089 0.9248 
 
 
Table B.3.1d – The table below depicts the partial correlation coefficients for weekday sleep duration and its 
association with sedentary time the following day, controlling for the effect of MVPA. 
 Residual_Weekday_
Sleep 
Residual_Weekday
_Sed 
Residual 
MVPA_Minutes 
Residual_Weekday_
Sleep 
- -0.2285 -0.1250 
Residual_Weekday_
Sed 
-0.2285 - -0.3094 
Residual 
MVPA_Minutes 
-0.1250 -0.3094 - 
 
 
Table B.3.1e – The table below depicts the partial correlation coefficients for weekend sleep duration and its 
association with sedentary time the following day, controlling for the effect of MVPA. 
 Residual 
MVPA_Minutes 
Residual_Weekend_
Sleep 
Residual_Weekend
_Sed 
Residual 
MVPA_Minutes 
- -0.0745 -0.2742 
Residual_Weekend_
Sleep 
-0.0745 - -0.2864 
Residual_Weekend_
Sed 
-0.2742 -0.2864 - 
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Figure B.3 – Individual regressions for every participant showing the relationship between weekday sleep duration 
and the following day’s sedentary time.  
 
 
 
Figure B.4 – Individual regressions for every participant showing the relationship between weekend sleep duration 
and the following day’s sedentary time.  
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Appendix B.3.2: Variation in Sleep Duration between Weekdays and Weekends 
 
 
Table B 3.2a – The model effect data from the paired t-test regression; PRE_Weekend indicates difference between 
weekdays and weekends sleep duration when assuming all participants have the same slope; ID + PRE_Weekend  
indicates difference between weekdays and weekends when taking into account variability of slopes between 
participants. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 18 18 1114465.5 8.7730 <.0001* 
PRE_Weekend 1 1 136867.4 19.3933 <.0001* 
ID*PRE_Weekend 18 18 376780.1 2.9660 <.0001* 
 
 
 
Table B 3.2b – Least Square Means data for PRE_Weekend sleep duration. 
Level Least Sq Mean Std Error Mean 
0 447.55475 3.8336775 449.874 
1 479.36562 6.1222750 483.674 
 
 
 
Table B 3.2c – Least Square Means data for ID + PRE_Weekend sleep duration. 
Level Least Sq 
Mean 
Std Error 
1001,
0 
525.52000 16.801717 
1001,
1 
468.20000 26.565847 
1002,
0 
476.73913 17.517001 
1002,
1 
486.66667 28.002862 
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Level Least Sq 
Mean 
Std Error 
1004,
0 
403.77273 17.910691 
1004,
1 
423.25000 29.701520 
1005,
0 
409.10000 15.337799 
1005,
1 
449.54545 25.329542 
1006,
0 
344.93333 21.690924 
1006,
1 
309.28571 31.752261 
1007,
0 
426.75000 15.876130 
1007,
1 
493.00000 24.251190 
1008,
0 
473.74366 15.600003 
1008,
1 
476.45455 25.329542 
1009,
0 
500.79310 15.600003 
1009,
1 
472.80000 26.565847 
1010,
0 
496.40000 15.337799 
1010,
1 
523.66667 24.251190 
1011,
0 
496.62069 15.600003 
1011,
1 
506.90000 26.565847 
1012,
0 
416.96667 15.337799 
1012,
1 
438.09091 25.329542 
1013,
0 
416.33333 16.167460 
1013,
1 
573.90909 25.329542 
1014,
0 
460.92308 16.475439 
1014,
1 
536.90000 26.565847 
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Level Least Sq 
Mean 
Std Error 
1015,
0 
429.68966 15.600003 
1015,
1 
467.63636 25.329542 
1017,
0 
490.00000 18.784891 
1017,
1 
472.14286 31.752261 
1020,
0 
353.56000 16.801717 
1020,
1 
411.18182 25.329542 
1021,
0 
414.72000 16.801717 
1021,
1 
548.41667 24.251190 
1022,
0 
461.81481 16.167460 
1022,
1 
482.60000 26.565847 
1023,
0 
505.16000 16.801717 
1023,
1 
567.30000 26.565847 
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Appendix B.3.3: Variation in Sedentary Time between Weekdays and Weekends  
 
 
Table B 3.3a – The model effect data from the paired t-test regression; PRE_Weekend indicates difference between 
weekdays and weekends sedentary time when assuming all participants have the same slope; ID + PRE_Weekend 
indicates difference between weekdays and weekends when taking into account variability of slopes between 
participants. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 18 18 2378893.8 8.4437 <.0001* 
PRE_Weekend 1 1 47785.0 3.0530 0.0812 
ID*PRE_Weekend 18 18 720537.2 2.5575 0.0004* 
 
 
 
Table B 3.3b – Least Square Means data for PRE_Weekend sedentary time. 
Level Least Sq Mean Std Error Mean 
0 664.91855 6.240337 666.703 
1 644.23233 10.060965 647.707 
 
 
 
 
Table B 3.3c – Least Square Means data for ID + PRE_Weekend sedentary time. 
Level Least Sq 
Mean 
Std Error 
1001,
0 
684.18327 25.021539 
1001,
1 
716.22667 39.562527 
1002,
0 
629.21924 26.673050 
1002,
1 
638.15021 44.232250 
1004,
0 
795.76579 27.300737 
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Level Least Sq 
Mean 
Std Error 
1004,
1 
833.82063 44.232250 
1005,
0 
650.24198 31.276924 
1005,
1 
584.89233 55.949862 
1006,
0 
626.95011 32.302668 
1006,
1 
660.72929 47.286264 
1007,
0 
713.21712 24.535638 
1007,
1 
553.40861 36.115481 
1008,
0 
658.05042 23.643132 
1008,
1 
614.08909 37.721389 
1009,
0 
597.48265 30.343073 
1009,
1 
585.66333 55.949862 
1010,
0 
677.90250 27.974931 
1010,
1 
536.05833 44.232250 
1011,
0 
625.39250 29.488167 
1011,
1 
693.03071 47.286264 
1012,
0 
583.38717 27.974931 
1012,
1 
592.25000 44.232250 
1013,
0 
629.11074 24.076987 
1013,
1 
785.37000 37.721389 
1014,
0 
649.77315 29.488167 
1014,
1 
518.69694 51.075003 
1015,
0 
717.00988 23.643132 
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Level Least Sq 
Mean 
Std Error 
1015,
1 
700.75800 39.562527 
1017,
0 
760.26667 27.974931 
1017,
1 
774.76810 47.286264 
1020,
0 
764.72402 26.673050 
1020,
1 
692.74909 37.721389 
1021,
0 
718.16125 25.537501 
1021,
1 
714.93528 36.115481 
1022,
0 
579.72090 24.535638 
1022,
1 
490.20333 39.562527 
1023,
0 
572.89312 26.086758 
1023,
1 
554.61433 39.562527 
 
 
 
 
Figure B.5 – Graphical representation of the t-test results for sleep duration and sedentary time between week days 
and weekend days.  
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Appendix B.4: Project Aim 4 
 
 
Appendix B.4.1: Effects of Sleep Timing on Sedentary Time 
 
Table B.4.1a – Effect test data for the regression analysis of Project Aim 4, assuming all slopes are equal 
(PRE_Length, ID, MVPA_Minutes); the PRE_length data used for this regression was pulled from nights with 
earlier sleep times only. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 17 17 1244610.4 5.8089 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 83744.0 6.6446 0.0105* 
MVPA_Minutes 1 1 581165.6 46.1118 <.0001* 
 
 
 
 
Table B.4.1b – Effect test data for the regression analysis of Project Aim 4, assuming all slopes are equal 
(PRE_Length, ID, MVPA_Minutes); the PRE_length data used for this regression was pulled from nights with later 
sleep times only. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID 18 18 1071284.6 4.7896 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 223365.5 17.9756 <.0001* 
MVPA_Minutes 1 1 582170.6 46.8509 <.0001* 
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Table B.4.1c – Effect test data for the regression analysis of Project Aim 4 to examine the heterogeneity of 
individuals slopes between participants; the ID + PRE_Length model effect interaction allows for investigating the 
heterogeneity of the slopes by comparing individuals, and the Sleep_Time + PRE_Lengh model interaction 
investigates the heterogeneity by comparing earlier and later sleep timing. 
Source Nparm DF Sum of 
Squares 
F Ratio Prob > F 
ID*PRE_Length_of_total_sleep_bout 18 18 554697.8 2.5568 0.0005* 
ID 18 18 1747766.1 8.0562 <.0001* 
PRE_Length_of_total_sleep_bout 1 1 274736.6 22.7948 <.0001* 
MVPA_Minutes 1 1 1081135.5 89.7013 <.0001* 
Sleep_Time 1 1 33761.3 2.8012 0.0948 
Sleep_Time*PRE_Length_of_total_sleep_bout 1 1 5225.8 0.4336 0.5105 
 
 
Table B.4.1d – The table below depicts the partial correlation coefficients for sleep duration on nights with earlier 
sleep times and its association with sedentary time the following day, controlling for the effect of MVPA. 
 Residual_EARLIER_
Sleep 
Residual_EARLIER
_Sed 
Residual 
MVPA_Minutes 
Residual_EARLIER_
Sleep 
- -0.1541 -0.1032 
Residual_EARLIER_
Sed 
-0.1541 - -0.3222 
Residual 
MVPA_Minutes 
-0.1032 -0.3222 - 
 
 
Table B.4.1e – The table below depicts the partial correlation coefficients for sleep duration on nights with later 
sleep times and its association with sedentary time the following day, controlling for the effect of MVPA. 
 Residual_LATER
_Sleep 
Residual_LATE
R_Sed 
Residual 
MVPA_Minutes 
Residual_LATER_
Sleep 
- -0.2756 -0.1582 
Residual_LATER_
Sed 
-0.2756 - -0.3615 
Residual 
MVPA_Minutes 
-0.1582 -0.3615 - 
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Figure B.6 – Individual regressions for every participant showing the relationship between sleep duration and the 
following day’s sedentary time from days with earlier sleep times.  
 
 
 
 
 
Figure B.7 – Individual regressions for every participant showing the relationship between sleep duration and the 
following day’s sedentary time from days with earlier sleep times.  
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Appendix B.4.2: Impact of Chronotype on the Association between Sleep duration and 
Sedentary Time 
 
Table B.4.2a – The table below depicts the correlation coefficients for the relationship between the slope of the 
association between sleep duration and sedentary time, and chronotype.  
 P_Early Slope 
P_Early 1.0000 0.3393 
Slope 0.3393 1.0000 
 
 
Table B.4.2b – The table below depicts the correlational probability between the slope of the association for sleep 
duration and sedentary time, and chronotype 
 P_Early Slope 
P_Early <.0001 0.1553 
Slope 0.1553 <.0001 
.  
 
Appendix B.4.3: Variation in Sleep Duration between Chronotypes 
 
Table B.4.3a – The table below depicts the probability of there being a difference in sleep duration between morning 
and evening chronotypes.  
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Propensity 1 23317.2 23317.2 2.4831 0.1155 
Error 685 6432431.1 9390.4   
C. Total 686 6455748.3    
 
 
Table B.4.3b – The table below depicts the means and standard deviations of sleep duration between morning 
(“early”) and evening (“late”) chronotypes.  
Level Number Mean Std Dev Std Err 
Mean 
Lower 
95% 
Upper 
95% 
Early 467 455.370 93.468 4.3252 446.87 463.87 
Late 220 467.857 103.838 7.0007 454.06 481.65 
 
96 
 
 
 
Appendix B.4.4: Variation in Sedentary Time between Chronotypes 
 
Table B.4.4a – The table below depicts the probability of there being a difference in sleep duration between morning 
and evening chronotypes.  
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Propensity 1 422077 422077 19.9706 <.0001* 
Error 648 13695448 21135   
C. Total 649 14117525    
 
Table B.4.4b – The table below depicts the means and standard deviations of sleep duration between morning 
(“early”) and evening (“late”) chronotypes. 
Level Number Mean Std Dev Std Err 
Mean 
Lower 95% Upper 95% 
Early 410 642.826 145.197 7.1707 628.73 656.92 
Late 240 695.629 145.690 9.4042 677.10 714.15 
 
 
Figure B.7 – Graphical representation of the t-test results for sleep duration and sedentary time between morning 
and evening chronotype 
 
 
Figure B.8 – Graphical representation of the t-test results for sleep duration and sedentary time between morning 
and evening chronotype, showing the interaction between chronotype and weekday and weekends.  
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APPENDIX C – IRB APPROVAL MEMO 
 
